PROCEEDINGS 


THE INSTITUTION OF 
CIVIL ENGINEERS 


PART I 
JANUARY 1953 


ORDINARY MEETING 


4 November, 1952 


ALLAN STEPHEN QUARTERMAINE, C.B.E., M.C., B.Sc. (Eng.), 
the retiring President, in the Chair 


The President informed the Meeting, with great regret, of the death 

during the Institution recess of Lord Macmillan, an Honorary Member of 

the Institution. A resolution of condolence had been passed by the 
Council and conveyed to the members of Lord Macmillan’s family. 


The Council reported that they had recently transferred to the class of 


Members 


- Jon FrrpEric ALLAN BAKER. 

_ CHRISTOPHER RicHARD Broprick Birp- 
_ woop, B.A. (Cantab.). 

- Corry Franois Buarourorp, B.E. (W. 

_ Australia). 

| Frank Lormer Bruce 

- Marare WaLLAcE Bryce, B.Sc. (Glas.). 

Tay CAMERON. 

- Vincunt Harvey CoLLINGRIDGE. 

_ Lronarp Ricnarp Cruasy, B.Sc. (Eng.) 

te L n dL. 


¢ 


Durex Ropert Rozertson Dick, B.Sc. 


_(Eng.) (Lond.). 
“Lasum Hucu DickERsoN 
OS aaa Harotp Dickinson, M.Eng. 
(Liverpool). 
j Sen Franks Driver, 3B.Eng. 


(She, 
Ee gota Evans, M.Sc. (Eng.) (Lond.). 
ALLAN Joun Fatrmarp, B.Sc. (New Zea- 

land). 


Henry Montague Frintay, B.A. (Can- 
tab.) 


Sir CLARENCE JOHNSTON GRAHAM, B.Sc. 
(Belfast). 

Wir114m Mor Gurueim, B.Sc. (Eng.) » 
(Lond.). 

ArTruurn SatmMonp MHamiuron, B.Sc. 
(Eng.) (Lond.). 

JoHN WILLIAM HENDERSON, B.Sc. 
(Durham). 


PrrorvaL Victor HOARE. 

Priuip Wiir1AM Hunt. 

Grorck Werstry Hotcstson, B.Sc. 
(Durham). 

Roserrt Lustre, M.Se. (Cape Town). 

Tuomas WuxINNEY Loneripar, B.Sc. 
(Durham). 

Jonn Witt1am Lovatt. ay 

Joun Ross McGrspon, B.Sc. (Gilas.). 

Donatp Henry May, O.B.E. 

Frank JosrpH James Prior, 0. B EK. 


2 TRANSFERS AND ADMISSIONS 


Norman Frank Ricuarps, 3B.Sc. 
(Bristol) 

DonaLp CHARLES RoseERtrson, B.Sc. 
(Cape Town). 

Rosert Dovetas Rosryson, (B.Eng.) 
(Liverpool). 


Guy Tarre Suoosmitu, M.A. (Cantab.). 

Ernest Loupon Smit, B.Sc. (Glas.). 

Wrui1amM Paton STEELE, B.Sc. (Eng.) 
(Lond.). 


and had admitted as 


Students 


CHRISTOPHER SUNDAY OLUTUNDE 
AKANDE. 

Cotiy ANDERSON. 

Joun LESLIE ANDREW. 

JamMES ANDREWS. 

Doveriss MILLER ANGUS. 

ALLEN ANNESLEY. 

ELWYN JOHN ANSELL, 

Rosert ARMSTRONG. 

Rosert GORDON ASHWORTH. 

Jamers Purr AXELL, 

CLtuFoRD RayMonp AYERS 

Moxwamep Hamip AHAMED AZHAR. 

Kennetu ALAN Battery. 

Micuart THomas HARVEY BANKs. 

WALTER WADDELL BANNERMAN, 

Kerra Epwarp BELL. 

Jamus JoserH BENTON. 

Harotp Rowand BESWICK. 

Dennis ARTHUR BICKNELL. 

Tan SANDERSON BIELBY. 

Patrick MAtcotm Bmp. 

Joun Brian BLAKELEY. 

Niconaas BLANKEVOORT. 

Derek Bonn. 

Patrick JoHN BonsxER, 

JOHN JEFFERSON Boortu. 
Tuomas Joun BowMan. 

Dennis ALAN Box. 

Rosi Bracz. 

Ricuarp WALTER Brappock 

Raymond Murr BREMNER. 

Frank Briouta. 

Antuony Ciive Briaes. 

Brian Wi111AM BRODERICK. 

Gnworcr Ewan Brooks, 

Lronarp Brown. 

Dennis Bertram BuLuer, 

Ian Hoop Buiock, 

Freprrick Goran Burrows. 

James WitiIAMs Byrom. 

RonaLp Francis Carnny. 

Granam Henry Casu. 

Rosert CuristorHEerR CuEvassur. 

JAMES 


Francis Henry Sroxss, B.Sc. (Bristol). 

Prrer Rupoir Swart, B.Sc. (Glas.). 

ALEXANDER Key Terris, B.Sc. (Edin.). 

ViApImir WeEBER, B.Sc. (Eng.) (Lond.). 

Marruew CocuraNne WuiTe, B.Sc. 
(Edin.). 

CHarLes Vivian Woxrr, B.Sc. (Birming- 
ham). 


WrtuiamM Micuar.t CLARK. 

Erie WriLLiaM CLuTron. 

Joux Davin CoLtaco-Osori0. 
Brian JoHN COLE. 

But Crecrt ViviaN CoLVERSON. 
Wiru1am GEorGE CONCHIE. 
Donatp Lewis CooKE. 
DesMoND JOHN COOPER. 

Bryan Husert Covubson. 
GEOFFREY COULSON, 

FRANK CRINGLE. 

ANDREW SKINNER DAVIES. 

Joun Davip LENECRE DaVIEs. 
SranLey PREMKUMAR Davis. 
Joun Davison. 

LAWRENCE Leonarp Daw. 
ALBERT Manitou Lrestre Dawe. 
DerREK WaLLace Dran. 

Prrer DEAN. 

Rosert Burns DEMPSTER. 
Bastz MERVYN DE Soysa. 

Croc, Ropgert McIntyre Dewine. 
Joun Stipngy Dowmock. 
Franors Newsy Dinspa.e. 
Joun Verrcou DISHINGTON, 
Victor Donatp Drxon, 
Antony DockeErty. 

Micuart CHarLes Doopy. 
Brian Dovucias-JONES, 

Davin Grant Downin. 

Joun Barry Downs. 

Cuarizes Scorr Dunn, 

Epwarp Joun Dymonp. 
Franois Joun Dyton. 

JamEs Witt1AM Eapus. 

Davin Estcourt Epwarps. 
Joun Epwarp ELLIs. 

Ropert EMMett, 

ALAN STEPHEN FRANK Exmemixorox, 
Leonarp Farruurst, 
Feurx OLIver Frienan. 
Haroip Marruirr Fenpy. 
Hues Marri Frynimorp. 
‘THOMAS FrtzGERALD. 
Joun TREVOR Forstur. 


ed 1) 


~Davip RicHAaRD FussELL, 

JOLYON FYFIELD. 

JOHN GaLt. 

Tom EpMonpDson GARTSIDE. 

/ JOHN ARTHUR GILBERT. 

_ ALEXANDER GILCHRIST. 

| ALEXANDER McrnTosH Grn. 

_Joun FRANcIS GILLETT. 

- Davin Tom Goopyzar. 

ANANDA AMARASIRI GOONEWARDENE. 

_ Tan Grorrrey GRAHAM. 

- Matcotm GRAHAM. 

- Mauist JoHn GRAHAM. 

_ Autan Marutir GREEN. 

_ JoHN Martin GREEN. 

‘CHARLES IAN Ross GREER. 

JAMES GREIG. 

‘BERNARD FRANCIS GRICE. 

SUKUMAR GUHA. 

Corin MicHaEt GUILFORD. 

_ Leonarp Cyrit GUNAWARDANA. 

_ Perer James Terry Harnus. 

Harry Hatt. 

- STANLEY FREDERICK Hat. 

ee - Matcotm Hannan. 

MicHArEL Francis HANRAHAN. 

_ Epwarp Grorcr Harris. 

_ RicHarp JoHN Harris. 

- DonaLp Brian Harvey. 

= Kerru Barnes Harvey. 

* RayMonpd Epwarp Harvey. 

| THEODORE Francois JoHN HAWKINS. 
- JoHN StansFretp Heys. 

a  Prrer HospeEn. 

_ AntHony WiiLi1am HocKkapay. 

Brian JAMES HOLDER. 

_ Rozpert Witrrep HoLuanps. 

_Jsmes Niacet Hotmss. 

_ Davip Avsrey JAMES HooKER, 

_ BarrRie Scott Hooxrns. 

- Tvor Wrrrep Horney. 

_ Gzorrrey Howarp. 

| Joun Kairu Hunt. 

Fy OHN ALEXANDER JACKSON. 

MicHArL RoBERT JACOBSON. 

Davip Matcotm JAMES. 

_ GEORGE SINCLAIR JARVIE. 
CHANDRASEKERA WIJAYARATNE JAYA- 

__‘-SINGHE. 

_ BaLaRAJAH JEEVARATNAM, 

_ Granam Davip JENKINS. 

; _ RonaLp DENNIS JENKINS. 


Sr asyvaNacE Don Patrick JOSEPH. 
Davin TREVOR JONES. 

Hunry Kine Jamus JONES. 

_ CuristoPHER Davin KENNEDY. 
Haakon KIERULF. 


ADMISSIONS 3 


JAMES GEORGE ARDERNE LATHAM. 

DonaLp Lawton. 

GEOFFREY STEWART LEACH. - 

Raymonp Crecrm Le Novry. 

Peter Martin Lb PatoursEt. 

JoHN RoBerRT LETHBRIDGR. 

ARCHIBALD CARMICHAEL LINDSAY. 

Lionew Linpsay. 

CLIFFORD FRANK LORD. 

JAMES LOTHIAN. 

ALBERT CREE McADAM, 

Dermot Peter McoDrErRmotTt. 

PETER GRAHAM MAcpONALD-SMITH. 

Kevin McGurk. 

JAMES MACINNES. 

Rospert JOHN Mackay, 

Husert JupE Patrick CHRISTOPHER 
McLavcGHuin. 

JOHN GORDON Makin. 

JAMES SUGDEN MARSHALL. 

LAWRENCE HAROLD MaRrRtTIN. 

Lesi~ig RaJANATHAN STANLEY MATHER. 

CoLtn MERCER. 

Dowa VENA Maupiwa. 

Harry MippLeEeton. 

Davyip CHARLES MILLER. 

TERENCE RopErRiIcK MIs. 

MicHarEL RALEIGH MILNs. 

Joun Morrat. 

Ezpexre, Maxnotuatsa Mrorr Moro- 
KENG. 

Perer THomas Moore. 

Epwarp Brian MorGan. 

GEOFFREY ALBERT Muscurt. 

MatvAGANAM NADARASA. 

JosEpH THURAIRATNAM NALLATAH. 

Supirn NANDI. 

MicHAEL OLIVER Navauton. 

Kenneto NEWMAN. 

Davin ALFRED NorTH. 

TERENCE O’CoNNOR. 

GaAvVIN OGILVIE. 

Tuomas JOHN OLDHAM. 

Davin JoHN PALMER, 

Ernest REGINALD PARSONS. 

Grorrrey FRANK Parsons. 


~ Wittram Lunn Partison. 


BERNARD ARTHUR PEACOCK. 

Epmunp Freprick Marcus PERERA. 
Quintus St Grorcr Maturas PERERA. 
GERALD Eaton PHELPS, 

Niqaet Dautton PILGRIM, 

HowaRpD PRICE. 

AMBALAVANAR RAGUNATHAN. 
Koruwace HEMAKIRTI RANASOMA. 
Don Gamint LAKSHMAN RANATUNGA, 
ARUMUGAM RATNARAJAH. 

GrRaLp Patrick RAYMOND. 
Norman Artour READ. 

Mautcotm RanpaLL RaeEs. 

DonaLp ASKEW ROADLEY. 

GrorGE RoBINsoN. 


4 ADMISSIONS 


Ernest LAWRENCE ROBSON. 
Mavricr Atva RocHEFORD. 

Davin WynpH4M CoLenso Roppa. 
Stuart FLeTcHER RUSSELL. 

DEREK ERNEST SANDALL. 

CrpRIc SANDELL. 

PonntaAH SANMUGAM SANMUGANATHAN 
JoHN RussELL Epwarp ScAMMELL. 
ERLe JoHN SHERRING. 

Crom SELVADURAIRAJAH SINNADURAI 
THAMBIAH SIVATHASAN. 

JOHN WILLIAM GAGE SLOAN. 

Eric JoHN SMALL. 

STAFFORD JOHN HaALiinecs Smirn. 
STaNLEY WILLIAM SMITH. 

Wit11amM SOMMERVILLE. 

CHARLES ALAN SOUTHWELL. 

JOHN JEFFREY SPEED. 

DupLry JoHN STEEL. 

WiLiiAM JouN STEEL. 

JOHN STOPFORTH. 

Cottin Epwarp Sroprs. 

Witu1aM Evarts STREETEN. 

Davin Joun Sucn. 

JANKIE NANAN SUPERSAD. 

JOHN SWALE. 

RonawLp CLivE Symes. 

GrorGE Mowat Brown Taytor. 
Ronaup Bryce Taytor. 


and had admitted as 


Graduates 


Joun Cuapwiok Apam (Stud.I.C.E.). 

James Drnis Appiy, B.Sc. (Edin.), 
(Stud.I.C.L.). 

MionarL Joun Arrixck (Stud.I. C.E.). 

KENNETH JORDAN ALDERSON, B.Sc. 
(Durham). 

CuarLtes Davip ALLEN, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 

ALEXANDER MorcGan ALLISON, B.Sc. 
(Eng.) (Lond.). 

KANAGASABAPATHY ANANDARAJAH,B.Se. 
(Eng.) (Lond.) (Stud.J.C.B.). 

ALEXANDER Davyip ANDERSON, B.So. 
(Hdin.) (Stud.I.C.E.). 

Davin AnpErson (Stud.I .C.E.). 

Keynetu Victor Anpre, B.Sc, (Wit- 
watersrand), 


eerie nae (ag) (eheey 
oh gies a ea ARNOTT er 
Se Gicias Franois Avnr: B ; 
ee a. age 

(Lond.) (Stud.I.C.B.). ; 


Basa Epwarp Batprey, B.Sc, 
(Lond.) (Stud.I.C.E.).  Upag 


Joun Wrxpsor THOMAS. 

Wiriuuam Tre. 

GEOFFREY PETER TOBIN. 

ALAN GEOFFREY ToFT. 

Joun Sankey TOLPutr. 

Coir ALBIN EpGark TREASURE. 

Rex RIcHARDS VETHARANIAM. 
TU VINAYAGAMOORTHY. 

Norman WALLIS. s 

Don PADMATILLEKA WANIGASEKARA- 

Monorrtr. 

TERENCE MIcHAEL WARDLE. 

Matcotm DEREK WATERFALL. 

Tuomas ALAN WATKISS. 

DENNIS ARTHUR WAYLETT. 

MicHaEL WEBB. 

MicHarEL HansrorD WEBBER. 

ALBERT THORNTON WHITE. 

SENARATH DE Sitva WIJESUNDERA. 

CHRISTOPHER WILEY. 

Brian WILKINSON. 

Cyr Jonn STEPHEN WILLIAMS. 

TREVOR JAMES WILLIAMS. 

Davin CAMERON WILSON. 

STANLEY WILson. 

MicHaEt Roy Woopwarp. 

Wone Cuevux Cat. 

Gorpon Ivor Youna. 


Eric Hucn Batrarp, B.Se. (Eng,.) 
(Lond.). . 
JoHN Bertram WaALLAcE Banxs (Stud. 

1.0.E.). 
Grorrrey Bannister, B.Sc.Tech. (Man- 
chester) (Stud.I.C.L.). 3 
Davip Garston Barser, B.Sc. (Eng.) 
(Lond.). ’ 
Joun Bartow, B.Sc. (Eng.) (Lond.)_ 
(Stud.I.0.E.). 
Francis BarRNwELL, B.Eng. (Li 
(Stud.I.C.B.). 
Erto Baron (Stud.J.C.E.). 
Srantry Hersert Barr (Stud.I.C.E.). 
Eric Lionet Barron, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 4 
Royatp Francis BarrHotomew, B.Sc. 
(Eng.) (Lond.), (Stud. C.H.). 
Rosin pre Baynus (Stud.I.0.E.). 
Joun BEarrie ( tud.I.C.H#.). 4 
Jack Witt1aM Bravineron(Stud.I. C.E.). 
Kenneru Oxiver BELL, B.Sc. (Leeds). 
Donovan Harry Brnnert, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). es 
Gzorrrey Curtis BEnnurr (Stud. 
Gs) ee ee. 
Gzorrrey Townsmxp Bennurt, B.A, 
(Cantab.). = 


-Grorcz Deryx Bernr, B.Sc. 
__ chester) (Stud.I.C.E.). 
‘Lxsuiz Bentruem, B.Sc. (Eng.) (Lond.). 
Wri Joun Bevan (Stud.J.C.E.). 
aS oHN Epwin Bianeu, B.C.E. (Mel- 
- bourne). 
Ronatp Macponaxp Birsz, B.Sc. (Hdin.) 
(Stud.I.C.L.). 
‘Janss Lown BiackHAtt, B.Sc. (Glas.) 
(Stud.I.C.E.). 
Aux Morris Broxsom, B.Sc. 
__ chester) (Stud.I.C.E.). 
_ Jan Bosrowsk1, B.Sc. (Eng.) (Lond.). 
| Wierran Derrek Boxatt, B.Eng. (Liver- 
pool) (Stud.I.C.E.). 
BRoNaLD Denys Boyz, B.Sc.Tech. (Man- 
chester) (Stud.I.C.E. ). 
_ Perer Francis BrapBrsr, B.Sc. (Eng.) 
 (Lond.) (Stud.I.C.£.). 
_ Donap Raymonp Brapitny, B.Sc. 
_ _ (Eng.) (Lond.) (Stud.I.C.£.) 
James Durex Brapuey, B.Eng (Liver- 
% _ pool) (Stud.I.C.E£.). 
_ Harry Nicet Brart, B.Eng. (Liverpool) 
 (Stud.I.C.E.). 
_ Prrer Henry Wess Bray, B.Sc. (Eng.) 
_ (Lond.). 
:, al Brirron (Stud.I.C.L.). 
Wurm Epwarp Wisy Brook, B.Sc. 
4 (Manchester) (Stud.I.C.H.). 
_Hueu Russy Brooxspank, B.A. (Can- 
mer tab.): 
_Cror ALLEN Brown (Stud.I.C.L.). 
- Rogert Wi114m Brown, B.Sc. (Bristol), 
(Stud.I.C.E.). 
Dennis Micuarn Brunsxitn (Stud. 
eC. E:): 
- CHARLES GABRIEL Bryan, B.Sc. (Glas.). 
~Cuartus Trevor Ratorirre Buimer, 
B.Sc. (Eng.) (Zond.). 
_ Purer Burnovss, B.A. (Cantab.). 
| Wiri1aM Sprmrs Burnsipe (Stud.I.C.L.). 
_Raymonp NEVILLE Burton. 


& Hersert Burton, B.E. (New 


(Man- 


(Man- 


_ Zealand). 
Joun Cuartes Fintay Cameron (Stud. 
I.C.#.). 
Maxconat CARMICHAEL CAMPBELL (Stud. 
E T.C.E:). 
Hanoi Ezexre Carers (Stud.I.C.£.). 
Awan Cauncn, B.Eng. (Liverpool) (Stud. 
_ IC.E.). 
Donatp Jamus Caussy, B.E. (Adelaide). 
Joun AsHTon CHIPPINDALE (Stud.I.C.L.). 
ewe Mavricr CuarKson, B.Sc. 
(Leeds) (Stud.I.C.L.). 
Basi StanuEy Cooxrort, B.Sc. (Leeds) 
(Stud.I.C.L.). 
‘Tomas CuaRLEs JoHN Coata, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.E.). 
Davin Cotzsroor, B.A. (Cantab.). 
G Bopmpae Ropert CoLeman (StudJ.C.E. i 


he ADMISSIONS 5 


AnTHony Roy Compton, B.Sc. (Man- 
chester) (Stud. I.C.L£.). 

Ivan LLEWELLYN ConneE LL, B.A., B.A.I. 
(Dublin). 

Davin Brian Coox (Stud.I.C.L.). 

JamzEs Coox, B.Eng. (Liverpool) (Stud. 
I.C.E.). 


MicHaErL Grorcx Coorsr, B.A. (Cantab.). 

BERNARD GoDRIDGE Corn, B.Sc. (Eng.) 
(Lond.). 

Micuart Donap Corn, B.A. (Cantab.) 
(Stud.J.C.E.). 

Ian Toornton Cowre (Stud.I.0.2.). 

Wit11aMm Doveat Cowins, B.Sc. (Notting- 
ham). 

Rogrer Kenprick Cox, B.Sc. (Birming- 
ham), (Stud.I.C.E.). 

ARTHUR JOHN Craic, B.Eng. (Liverpool) 
(Stud.I.C.L.). 

Harry Howarp Crann, Ph.D., B.Sc. 
(Birmingham) (Stud.I.C.L.). 

TERENCE ALEXANDER CREANEY, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.L.). 

TREVOR JAMES CODRINGTON CROCKER, 
B.Sc. (Eng.) (Lond.) (Stud.I.C.E.). 

ARTHUR Roy CRUTTENDEN (Stud.I.C.L.). 

Wii11am Scorr Cuntens, B.Sc. (Glas.) 
(Stud.I.C.L.). 

Davin Stewart Currie (Stud.I.C.H.). 

AntHony RatpH Cusens, B.Sc. (Eng.) 
(Lond.). 

JoHN RicHAaRD CUTHBERT. 

Patrick Francis Daty, B.E. (National) 
(Stud.I.C.H.). 

EpWARD SHEPHERD Daruine, B.A. 
(Cantab.). 

Kenneta THomMsoN 
(Glas.) (Stud.I.C.E.). 

Davip Brintzey Davizs. 

Davip Mavricz Daviss, B.Sc. (Wales) 
(Stud.I.C.L.). 

FraNK Epwarp JAmgs Davtiss, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.E.). 
Owrn Writiam AuBEert Daw, B.Sc. 

(Eng.) (Lond.) (Stud.I.C.H.). 
NEVILLE Jonn Day. 


Davipson, B.Sc. 


_HenpAHEWA CHANDRAWANSA DaAYATI- 


LEKA DE Sttva, B.Sc. (Eng.) (Lond.). 

Ronatp Corin Deacon, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.H.). 

Nevitte Treare Deaxry, B.Sc.Tech. 
(Manchester) (Stud.I.C.E.). 

Nort Daan (Stud.JI.C.H.). 

Dennis DEaRLove, B.Sc.(Eng.) (Lond.).. 

Tuomas KEITH DELLAWAY, B.E. (New 
Zealand). 

Grorrrey Harcreaves Dencur, B.Sc. 
(Manchester) (Stud.I.C.H.). — — 

Duptey Dernnineton, B.Sc. (Eng.) 
(Lond.). 

Witt1am Maxwett Drxon, B.A. (Can- 
tab.). 


6 ADMISSIONS 


GrorcE Gorvon Dosson, B.Se. (Dur- 
ham). 
RicHaRD Dosson (Stud.J.C.H.). 
WruuM Date DopsHon (Stud.J.C.£.). 
Grorcr Wituiam Donatpson, B.Sc. 
(Cape Town). 
RK Ransom Dorey, B.Sc. (Eng.) 


( vs 
Grorrrey Cotry Dove (Stud.J.C.£.). 
Eric ARCHER DRIVER. 
Brian Goprrey Drummonp, B.A. (Can- 
tab.) (Stud.I.C.L.). 
JosErpH Byrom Durry, B.Sc. (Eng.) 
(Lond,) (Stud.I.C.E.). 
FREDERICK LENFESTEY 
B.Sc. (Birmingham). 
Denis NickL WaRRINER Earp, B.A. 
(Cantab.) (Stud.JI.C.£.). 

Davin WiLL1Am Woop Epwargps, B.Sc, 
(Eng.) (Lond.) (Stud.J.0.2.). 

ABEL RaHMAN AHMED Ex AGIs. 

Wiu1am Dents Expers (Stud.J.C.£.). 

Husert Epwarp Etxrort, B.Sc. (Wales), 
(Stud J.C.E.). 

JoHN Epwarp Exuiorr, B.Sc. Tech. 
(Manchester) (Stud.I.C.£.). 

IonwertH Tupor Exuis, B.Sc. (Wales) 
(Stud. I.C.2£.). 

PETER CRAVEN Emes, B.Sc.Tech. (Man- 
chester) (Stud.I.C.L.). 

Donaxp Liste Emtace. 

Henry Cuanocu Erntroy, B.Sc.(Eng.) 
(Lond.) (Stud. I.C.E.). 

CiirForD JoHN Evans, B.A. (Cantab.) 
(Stud I.C.E.). 

JoHN CrECIL 
(Stud. J.C.E.), 

JoHN RaMspEN Facer, B.Sc.'Tech. (Man- 
chester) (Stud.J.C.9.). 

Ronatp MoRossre Farcunry, B.Sc. 
(Glas.). 

MicuagL Faracurr, B.Eng. (Liverpool). 

Tan Stuart Rerp Farqunarson, B.A. 
B.A.I. (Dublin). 

On) Ricumonp Farrant (Stud.J. 


DvuquEeMTN, 


Faser, B.A. (Cantab.) 


JOHN Brian Law Fauixner, B.Sc. (Bir- 
mingham) (Stud.JI.C.2.). 
Haroitp Fraupman, M.A. (Cantab.) 
(Stud.I.C.E.). 
Prrer Joun Faus (Stud.J.C.L.). 
Stantny Granam Sruarr FrEnrron, 
B.Se. (Eng.) (Lond) (StudJ.C.H.). 
Donatp McoPuHam Hari Frrauson, 
‘ cm: ep 
Esse Harotp FEox, B.Sc. (B ! 
a FiLercumr, sh hae: 
ALTER FOKSCHAN B.Sc. \ 
ston ER, ce. (Eng.) 
ONALD JOHN CHISROLM Forzrs, B.Sc. 
(Eng.) (Lond.) (Stud.J.C.2.), 
Raymond Denis Fox, M.A. (Cantab.). 


WuirenespD Franczey (Stud, 
tO.) ’ 

DEREK WILLIAM Franxuin, M.A. (Can 
tab.) (Stud.tJ.C.£.). : 

Henry Wru114M Frrenp (Stud.I.C.H.). 

ALLEN Wriu14m Futton, B.M.E. (Mel- 
bourne). : 

James AntHony Garrney, B.Sc. (Eng.) 
(Lond.), (Stud. I.C.E.). 

Peter Krxastey GarpNER, B.Sc. (Eng. 
(Lond.) (Stud.I.C.E.). a 

PAULINE GaRMIRIAN, B.Sc. (Eng.) (Lond. 
(Stud _I.C.E.). 

JaMES ALEXANDER GEppEs (Stud.J.C.E.). 

Davin Grecory GEpGE, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.2.). 

Atyrxy Brian GrorGE, B.Se. (Birming 
ham) (Stud.I.C.E£.). 

THANUVELIL Kosuy Grorex, M.Sc.Tech 
(Manchester) (Stud.I.C.E.). f 

Tuomas CiivE Gruuison (StudJ.C.H.). 

JoHN NeEvILLE Goocn, B.Se. (Eng. 
(Lond.). 

CuaRLes DoveLas Goong, B.Sc. (Leeds 
(Stud.I.C.E.). 

Ayers Joun Goss, B.Sc. (Wales) (Stud. _ 
r 

C.E.J. 

Ricuarp Line Gover, B.A. (Cantad.). 

Ropert Henry Davin Gracen, B.S 
(St. Andrews). . 

Vioror THomas CHaRLES GRANEY. 

ALEXANDER GRay, B.Se. (Aberdeen) — 
(Stud.I.C.E.). : 

RoNALD GREATRIX. 

Mavurick GREENBAUM, B.Sc. (Eng.)_ 
(Lond.) (Stud.I.C.E.). = 

Dovetas Grorcr GREENWOOD, B.Sc. _ 
(Eng.) (Lond.) (Stud.J.C.#.). 

MALcomm SPENCER Grucory, B.E. (Zas- 
mania). 

Joun Kerr Greeson, B.Sc. (Notting: 
ham) (Stud.I.C.B.), 

Joun MoEwan Gruss (Stud.J.0.2.). 

ARNOLD WALKER GuNsTONE, B.Eng. 
(Liverpool). 

ALBERT Epwarp Gurney, B.Eng. 
(Liverpool) (Stud.I.C.E.). 

Rotanp Haut (Stud.J.C.#.). 

Witi1aMm Roy Hat. ] 

Davip Leienron Hanson, B.Sc. (Wales) 
(Stud.I.C.2.). ¥ 

Auaw Rosert Harpy (Stud.I.C.2.). 

Barry Epieston Harpy (Stud.J.0.2.). 


WatTeR Ropert Hare, B.Sc (Eng. 
(Lond.) (Stud.I.C.E.). oe 

GnorrrREyY GarTH SHORTLAND HaRPER 

Pa nal 
CHAEL CopPPINGER Harrigs, B.A. 
(Cantab.). rr hada 

Davin Joun Harris, B.Sc. (Eng.’ 
(Lond.) (Stud.I.C.L.), 


Brian Harrison (Stud.J.0.H.), 


DonaLp AntHony Harvey (Stud.J.C.E.). 
_ AtexanpER Tuomas Hawerns, B.Sc. 
_. (Eng.) (Lond.) (Stud.I.0.2.). 
‘Micuant Jamus Hawkins, B.Sc. (Belfast). 
~ Kewneru Haronp Huan, B.A. (Cantab.) 
(Stud.I.C.H.). 
_ TxHomas Micnann Heaton, B.Sc. (Eng.) 
(Lond.). 


BenttEy Hopeson, B.Eng. 
(Liverpool) (Stud.I.C.E.). 
_ Joun Henry Hoag, B.Sc. (Hdin.) (Stud. 
ped. C.H.). 
- Granam THomas Hoxprne (Stud.I.C.2.). 
_ Eric Wu11am Hoitmas (Stud.I.0.2.). 
_ Prrer Houmss (Stud.1.C.H.). 
_ CLIFFORD FREDERICK Hott (Stud.I.C.L.). 
| Wituiam Kerra Wynn Horsrterp, 
B.Sc. (Manchester). 
_Jonn FREDERICK Hovunstow, B.Eng. 
(Liverpool) (Stud.I.C.E.). 
_ THomas Ronatp Hovston, B.Sc. (Bel- 
fast). 
_Jonun Henry Dewse Howser (Stud. 
I.C.#.). 
Norman Hoyt, B.Sc. Tech. (Manchester) 
(Stud.I.C.L.). = 
Harotp WittiaAmM CHARLES HvsBBarp, 
B.Sc. Tech. (Manchester). 
Freprerick HrsketH Huaues, B.Sc. 
(Nottingham) (Stud.J.C.L.). 
WuutMm Barry Hvao, B.Sc. (Eng.) 
(Lond.) (Stud.J.C.E.). 
_ Joun Oxriver Hosur (Stud.J.C.H.). 


- 


JAMES AnTHONY HoumpHRyus, B.A. 
_ (Cantab.). 

_ Ropert Hunter (Stud.I.C.H.). 
_Grorrrey Houtcutson, B.Sc. (Eng.) 


 (Lond.) (Stud.I.C.E.). 

Kenneth Horton, B.Eng. (Liverpool) 
 (Stud.I.C.E.). 

_Joun Antony Irvine (Stud.I.C.H.). 
James Martin Jackson, B.Sc. (Belfast) 
(Stud .I.C.L.). 
_Rozert Tyerman Jackson (Stud.I.C.L.). 
_AntHony Jamis (Stud.J.C.L.). 

-Davip Trarrorp James (Stud.I.C.E.). 
Dennis Freperick Jamus (Stud.I.0.2.). 
‘Kenyetu Joun James (Stud.J.C.£.). 
-Rozert Kennera James (Stud.I.C.£.). 
“Davip ARTHUR JaRMAN, B.Sc. (Eng.) 
_ (Lond.) (StudI.C.H.). 


& 
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Micnarn Henry Jerrrey, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.H.). 

Eric GrarLy JENKINS, B.Sc. (Wales) 
(Stud.I.C.E.). 

GRAHAM LLEWELLYN Joun, B.Sc. (Wales) 
(Stud.I.C.E.). 

KENNETH CHARLES 
LOEs); 

ARNOLD Jonus (Stud.I.0.E.). 

Davip GrorrrEy Jonzs, B.Sc. (Wales). 

Kennet WILLIAM Jonzs, B.Sc. (Wales). 

Ropert ArrHur Jonus (Stud.I.0.2.). 

Ropert Water Jonzs, B.Sc. (Eng.) 
(Lond.). 

THomas ANEURIN Ruys JonEs (Stud. 
ICH). 
THomas Davin Emyr Jonzs, 
(Eng.) (Lond.) (Stud.J.C.E.), 
Witt1am Keita Enret Jones (Stud. 
I.C.E). 

WitL1am ReEs Jonus, B.Sc. (Wales). 

Aan Joynson, B.Sc. Tech. (Manchester) 
(Stud.I.C.E.). 

Jouy ArrHuR JupcE, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 

Micuart Dssmonp Kavanacu, B.Sc. 
(Eng.) (Lond.) (Stud. I.C.L.), 

Joun MarsHatt Kay (Stud.J.C.£.). 

Kuats Apour Kay#, B.Sc. (Eng.) (Lond.) 
(Stud.I.C.E.). 

BERNARD FRANK KEARSEY. 

Tuomas BrrtRAM KeEEvitt, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 

GzrorGcE Kump, B.Sc. (Birmingham). 

Brian Epwarp Keunpatt, B.Eng. 
(Liverpool) (Stud.I.C.E.). 

Ropert Kewe wt (Stud.I.C.E.). 

Lronarp Ristne Kipman, B.Sc. (Cape 


JOHNSON (Stud. 


BSc. 


Town), 

Derrek Kryeston, B.Sc. (Leeds) (Stud. 
I.C.E.). 

Wiii1am THomas Krrx, B.Eng. (Liver- 
pool). 


James AFFLECK KIRKPATRIOK, B.Sc. 
(Glas.) (Stud.I.C.E.). ' 
ANTHONY CHARLES KRaRvp, B.Sc. (Eng.) 
(Lond.) (Stud.I.0.H.). 
Tuomas Lanes, B.Sc. (Cape Town). 
Victor ANTHONY Exet. Lawiey, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.#.). 
ALAN ALBERT LAWRENCE (StudJ.C.L.). 
Henry Jonn Lawrence (Stud.J.C.2.). 
Pater Layrrevp (Stud.l.C.H.) 
FREDERICK Epwin Learn (Stud.J.C.£.). 
Aan Crive Noprs Lauro (Stud.J.0.2.). 
Joun ALFRED LE Privert, B.Sc. (Aber- 
deen). 
GuorrrEY HzEsketH Lewis, B.Eng. 
(Liverpool) (Stud.J.C.H.). 
Raymonp WaLLace Lewis, B.Sc.( Wales). 
Rozsert Bretton Luyianp, B.Sc. (Man- 
chester), (Séud.J.0.H.). 
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SamuEL GzorcE Davip Lipstong, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.E.). 

StantEy Liutey, B.Sc. (Belfast) (Stud. 
I.C.E.). 

JULIAN baat Linpsay, B.Sc. (St 
Andrews). 

ANDREW Lirren (Stud.I.C.£.). 

Joun Denys Lirturr, B.Sc. (Manchester). 

RonaLp James Livesey (StudJ.C.£.). 

Grorrrey Wray Lonciey, B.Sc. (Cape 
Town). 

Donatp James Loneman, B.Sc. (Eng.) 
(Lond.). 

Prter Lownps, B.Sc. (Manchester) (Stud. 
I.C.#.). 

Bryan Sentor Lucas (Stud.J.C.£.). 

ArcHIBALD HueH McCatium, B.Se. 
(Glas.). 

Roy MoCartuy, B.Eng. (Liverpool). 

Joun DonaLtp McCavcnuey, B.A. (Can- 
tab.). Y 

Rosert Hvueu MacDonatp, B.Sc. (Bel- 
fast). 

ALFRED STANLEY McDermott, M.A. 
(Cantab.). 

Gorpon Mure Maoraruanz (Stud.I.C.E.). 

Joun WELSH MoGarrity (Stud.I.C.E.). 

Joun Puitre MoGr1, B.Sc. (Belfast). 

ANDREW JAMIESON MacINNEs. 

porte Maok, B.Sc. (Manchester) (Stud. 

C.E.). 


Kenneth Macxenzizr, B.Sc. (Edin.) 
(Stud I.C.E.). 

Dunoan Cameron Macrean, B.Sc. 
(Glas.). 


Garnett MoLxan, B.Sc. (Eng.) (Lond.) 
(Stud.I.C.L.). 

Wiiu14M Purves McLxtsu, B.Sc. (Edin.). 

SamMugEt James MoMurray, B.Sc. (Bel- 
fast) (Stud.I.C.E.). 

MicwarL Martin MoNamara, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.2.). 

Corin Branp Macrax (Stud.J.C.E.). 

Davip CuHRIsTorHER Mappocks, B.A. 
(Cantab.). 

WitiaM JosErH Maces (Stud.J C.F). 

THomas Francis Maaner B.E. (National) 
(Stud I.C.L.). 

Guorrrry RussEtz Maason, B.Sc. (Eng.) 

see) tan .C.E.). 

OLM Rospert Marr, B.A. (Cantab. 

(Stud.I.C.2.). vi. ar 

Frank Txomas Mann, B.Sc. (Eng.) 
(Lond.) (Stud.I.0.2.). 

FREDERICK WatteR THomas Jamns 
Marstons (Stud.J.C.E.). 

Davin Francois MEnmur Mara 
B.Se. (Cape Town) (Stud.I C.E.). 


Is, 


GEOFrREY Martin, B.Sc. (Bir- 
ig bial bea Ne 
Y Hrrpert THER, B.Sc. (Eng. 
(Lond.) (Stud.I.0.E.). coer? 


GrorcE Dovertas Marruew, B.Se. 
(Aberdeen) (Stud.I.C.E.). 
MicnaEt ArtHuR May (Stud.I.C.£.). 
Wru1am THomas Micuart Mes, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.£.). : 
Maurice Wri11AM Micsurn, B.Se. (Dur- 
ham) (StudJ.C.£.). q 
ANDREW Topp Misr, B.Se. (Hdin. 
(Stud.I.C.E.). 
LavcHian Mriizar (StudJ.C.2.). 
Wittram Donatp Miriar, B.A. (Can-_ 
tab.) (Stud.I.C.E.). - & 
ALEXANDER McKay HENDERSON MULLER, 
B.Sc. (Glas.). 
Dupiry Jonn Mus (Stud.JI.C.E.)- 
Davin MITOoHELL. 
Joun Cepric Mosss, B.Sc. (Eng.) (Zone 
(StudtI.C.E.). ; 
BrertraM DeEnrertryaA MoOHANDIRAMGE, 
B.Sc. (Eng.) (Lond.). 
JoHN Kettanp Moraan, B.Se. (Wales), 
(Stud.I.C.E.). 
Tan StrantEy Murr, B.Sc. 
(Stud.I.C.E.). 


Matcotm <Aveustus Naprer, B.Sc. 
(Wales), (Stud.I.C.E.). : 
Joun Cuive Nerrieron, B.E. (New 
Zealand). : 
RicuarpD FREDERICK NEwrTon (Stud. 
I.C.E.). 
KennetH Lestie Henry Nutt, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.E.). 7. 
THoMAS PARKER NIcHOLL, B.A. (Cantab.). 
THomas HgpitEY NroHoison, B.Sc. 
(Durham) (Stud. I.0.E.). 


Patrick Trmorny O’ConneLt, B.E. 
(National) (Stud.I.C.E.). 
Terence O'Connor, B.Eng. (Sheffie 
(Stud.I.C.E.). 
KENNETH O’FarRELL (Stud.I.C.E.). 
Norman Arruur OLpHAM. , 
Peter Russetn Oxiiver, B.Se. (Eng.) 
(Lond.). 
Derek OrmERoD, B.Sc. Tech. (Man- 
chester) (Stud.I.C.E.). he 
TH ALWYN Owens, B.Sc. Tech. 
Biche mie | 
ER E Papwioxk, B.Eng. (Liver- 
pool) (Stud.I.C.E.). ‘ pee 
Davip Micuarn Pacer, B.Sc. (Leeds) 
Ry yr tye ; Rats 
UALEYN Epwin Gorpon PARKER, 
B.Sc. (Cape Town). ets) 
URICE ALWwyNn (Stud. 


Parsons 
LO: 


_ Eric Francis Pascatn, B.Sc. (Eng.) 
-s (Lond.). 

— Comms ALEXANDER PATERSON, 
- (Cantab.). 

~ Tan Haminron Paxton, M.A. (Cantab.) 
- (Stud.I.C.E.). 


B.A. 


_ Grorce Lronarp PELL, B.Sc. (Eng.) 
_ (Lond.). 

_ Duncan Jo“N Prnnineron, B.Sc. (Eng.) 
_ (Zond.). 

- JosrpH Dovcias Perret, B.Sc. (Bir- 
mingham) (Stud.I.C.H.). 


_ MicHarn Harris Puetps (Stud.I.C.L.). 
- Joun Morcan Pum, B.Sc. (Glas.) 
)  (Stud.I.C.E.). 

_ Joun Wri114m Parures, B.Sc. (Eng.) 
___(Lond.) (Stud.I.C.E.). 

i Kennetu Austin Paris (Siud.I.C.L.). 
_ Davin Pzrzr Prioxur, B.Sc. (Durham) 


___ (Stud.I.C.E.). 

_ Norman Wi114M Pinceon (Stud.I.C.2.). 
_ James Hucu Priuie, B.Se.Tech. (Man- 
chester) (Stud.I.C.H.). 

_ Derex Cuartxs Poor (Stud.I C.E.). 
pos Fraser Poon, B.Sc. (Witwaters- 
_ rand), (Stud.I.C.E.). 

_ Lestrz Frepertox Poors (Stud.J.C.E.). 
_ Dovexas Samvuet Porter, B.Sc. (Wales). 


_ (Manchester) (Stud.I.C.E.). 
_ Aan JosEPH PownaLt, M.A. (Cantad.) 
© (Stud.J.C.£.). 
_ ARTHUR Ropert PowsE tu (Stud.I.C.L.). 
_ Wuuai1m Jonn Prescort-Drorm, B.A. 
$ (Cantab.). 
of “Wriram Aan Pricz, B.Sc. (Eng.) 
4 (Lond.) (Stud.I.C.£.). 

Gorpon ALAN PrircHarD (Stud.I.C.L.). 
B.Eng. 


Frank Siinespy Proctor, 
(Sheffield) (Stud.I.C.E.). 
_ Karurresv APPATHURAI RASARATHINAM, 
 B.Se. (Eng.) (Lond.) (StudJt.C.#.). 

_ Gorpon Stantey Rarriey, B.Sc. (Eng.) 


B.Sc. (Eng.) (Lond.) (Stud.I.C.E.). 

- Doveias EnpERBY REFELL, B.Sc. (Eng.) 
_ (Lond.) (Stud I.C.E.). 

_ Dents Remy, B.A. (Cantab.). 

- Ropert Wriu14M Rennison, B.Sc. (Dur- 

ham) (Stud.I.C.L.). 

 SrePHEN Revzsz, M.Sc. (Eng.) (Lond.) 
(Stud I.C.L.). 

Brian Ruopes (Stud.J.C.L.). 
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Rozsert WHITELAW RITCHIE 
I.C.H.). 

Writt1am GorpoN Nem Roacnu, B.A. 
(Cantab.) (Stud.I.C.L.). 

GRAHAM JOHN Ropers (Stud.J.C.L.). 

JoHN Fawcett Roserrts, B.Sc. (Leeds) 
(Stud.I.C.L.). 

JoHN Roserrson (Stud.I.C.£.). 

AtrrEep Rosrson, B.Sc. (Eng.)- (Lond.). 

Barry Norman Rosrnson, B.Sc. (Glas.) 
(Stud.I.C.L.). 

Derek HucH Rosryson, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.L.). 

GrorcE Lesiiz Rosson, B.Sc. (Leeds) 
(Stud.I.C.L.). 

Watrer Rosrnson, B.A., B.A.I. (Dublin) 

GrorarE WynpHam Howarp Rops&t, 
B.Sc. (Natal). 

Gorpon MicHart Ross (Stud.J.C.L.). 

Joun Aan Rostern, B.Sc. (Manchester) 
(Stud.I.C.L.). 

Roy Ernest Rows, B.A. (Cantab.). 


(Stud. 


Ropert Dernnis Runnactes (Stud. 
I.C.E.). 

Witu1ram Rocer Joun Sammons (Stud. 
#.). 


Jams Gorpon Samson (Stud.I.C.Z.). 

Ronatp Hersert Ssmuent, 8B.Eng. 
(Liverpool) (Stud.I.C.E.). 

Davin Harrison Scuouss, B.A. (Can- 
tab.) (Stud.I.C.E.). 

Davip ALEXANDER Noet Scort, B.Sc. 
(Cape Town) (Stud.I.C.E.). 

Jerrrey Scort, B.Eng. (Sheffield). 

RonaLp Epwarp SEuurs, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 

Barry Witson SHAckiock, B.Sc. (Dur- 
ham) (Stud.I.C.E.). 

Joun Micuant Suappout, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 

Wiut1m Tuomas Duncan SHADDICK, 
B.A. (Cantab.) (Stud.I.C.L.). 

Rosrrt GranamM SwHarP, B.Sc. (Eng.) 


(Lond.). 

Jack Bryan SuAw, B.Sc. (Eng.) (Lond.) 
(Stud.I.C.E.). 

Pare THomas Suaw, B.Sc. (Eng.) ~ 


(Lond.) (Stud.I.C.E.). 

James MoKunzim SHearer, B.Sc. (St 
Andrews) (Stud.I.C.E.). 

Josrra SHpRipaN, B.Sc., Tech. (Man- 
chester). 

Derrek SuERLook (Stud.I.C0.L.). 

JoszrH Domyick Suinkwin, B.E. (Nat- 
ional). 

James CLEAVE Stumons, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.H.). 

Nort Epwarp Srons, B.Se. (Natal)... 

PrtER JOHN Sims, B.Sc. (Eng.) (Lond.). 

GuoreE Sioan, (StudJ.C.H.).  - 

GRANVILLE BaRRIE SMEDLEY, B.Sc. Tech. 
(Manchester). 
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Crow LerHam Somiru, B.Se. (Manchester) 
(Stud.I.C.£.). } 
Davip Fremine Smita, B.Eng. (Liver- 

pool). 
Eric Smita (Stud.I.C.£.). 
Joun Smiru, B.Sc. (Leeds). 
Roasr ParrripGer Smits (Stud.I.0.E.) 
Witt1am ANDREW SmirH, B.Sc. (Glas.) 


(Stud.I.C.E.). 

Srantey Hersert SOMERVILLE (Stud. 
I.C.E.). 

Grorrrey Vincent Sparks, B.C.E. 
(Melbourne). 

AuAN Franxkuin Sraic, B.Se. (Eng.) 
(Lond.) (Stud.I.C.E.). 

Harry Victor STANTON. 

Daviy SrepHens, B.Eng. (Sheffield) 
(Stud.I.C.E.). 

Grorce Raymonp STEPHENS (Stud. 
I.C.E.). 

JoHN STEVENTON (Stud.JI.C.£.). 

GrorGe Davipson Srewarp (Stud. 
I.C.E.). 

Donatp Srewart, B.Sc. Tech. (Man- 
chester). 


Eric Toomeson Stewart, B.Sc. (Belfast) 
(Stud.I.0.H.). 

Joun Counter Stewart, B.Sc. (Glas.) 
(Stud.I.C.2.). 

Nem Wru1aM Stocks (Stud.I.C.2.). 

ogee Lawson Stoker, B.A, (Can- 
tab.). 

Frank Lustre Hatiam Straw, B.Sc. 
Tech. (Manchester) (Stud.I.C.E.) 

Gorpon Jonn Street (Stud J.C.L.). 

Howarp Fiemre Sturrock, B.Se. (St 
Andrews). 

Kernneru James Surriper, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.2.). 

Prrer Brian Swaves, B.A. (Cantad.). 

Ronaup Sway, B.Eng. (Sheffield). 

ALFRED GRANGE TALBOT, 
(Lond.) (Stud.I.C.£.). 

CuarLes Witrrep Tate, B.Sc. (Leeds) 
(Stud.I.0.2.). 

Bruck Maynarp Taytor, B.Sc. (Glas.). 

Joun Roxson Taytor, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 

Lronarp Epwin Taytor, B.Sc. (Eng.) 
(Lond.) (Stud.J.0.B.). 

Puitie Austin Taytor (Stud.J.C.2.). 

Tron Hua Tuan, B.Sc. (Durham). 

Micuart Rex Marriorr Trerixy, B.Sc. 
(Witwatersrand). 

ALEXANDER GRAHAM TEVENDALE, B.Sc. 
(St Andrews). 

ail Sra Tuomas, B.A. (Oxon). 
RIAN Davip THRELFALL, B.A. ; 

B (Stud. J.C.£.). pea 
ETER Huon Trysiey, B.A. ; 
(Stud.1.C.B.). : ae 


Joun Ewarr Tonp (Stud.J.0.R.). 


Se. (Eng.) - 


GrorrrEy Peter Tostn, B.A. (Cantad. 
(Stud.I.C.E.). 
B.Sc. (Eng. 


Rosrx Joun TOLLAST, 
(Lond.) (Stud.J.C.E.). 
RicHaRD CHAMBREY TOWNSHEND, B 


(Cantab.). 
Rosert Witson Trarnor, B.Sc. (Belfast 
(Stud.J.C.E.). ' 
KENNETH Stewart TROLLOP (Stud 
I.C.E.). 


CurrrorD Hare TuRNER (Stud.I.C.£.). 

Donatp Matcotm Conway T 
B.Se. (Eng.) (Lond.). ; | 

Davip Ricuarp TYLER, B.Sc. (Notting 


ham) (Stud.I.C.£.). 

ALEXANDER Ernst Uras, B.Sc. (Eng.) 
(Lond.). 

AntHony JoHN Vat, B.Sc. (Eng). 
(Lond.). 

MicuaEL Henry Gopwiy VICKER (Stud. 
I.C.E.). : 

Dennis Vioxers (Stud.I.C.E.). 

Tuomas Barry Wane, B.Eng. (Sheffield) _ 
(StudJ.C.E.). 

DonaLp CAMERON GRIMSHAW WALKER 
(Stud.I.C.£.). 


Rosert Cops WaLKur, B.Eng. (Sheffield) 
(Stud.I.C.E.). 
Wru1M Rosry Waker, B.Sc. (Eng.) 


(Stud.I.C.E.). 

Joun ALAN Watiwork, B.Sc. (Eng.) 
(Lond.) (Stud.J.C.E.). 

Srmpney GEORGE WALTERS, 

Joun Rospert JAMES WaLTERS (Stud. 
L.C.B.). 

Martin JoHN Prtrer Warnam, B.Sc. 
(Eng.) (Lond.) (Stud.I.C.2£.). 

ALAN GEORGE Waters, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.E.). 

Ricnarp Empson WatTERS, B.Sc. (Eng.) 
(Lond.) (Stud.J.C.E.). 

Howarp Joun Manset Watkins, B.Sc. 
(Wales). 

DonaLp Ernest Warts. é 

THomas WILLIAM WEDDELL, B.Sc. (Dur- 
ham) (StudJ.C.L.). 

LxsLixn BrrnaRp WELLINGS, B.Se, (Eng.) 


(Lond.). 

Kenneta James WeE.ts, B.Sc. (Bir-— 
mingham) (Stud.I.C.B.). 

ArtHUR Witt1aM West, B.A., B.A.I. 
(Dublin). 5 

Kenneto James Wurrp, B.Sc. (Leeds) 


(Stud.I.C.B.). 

MicuarL ALLAN Writcox, B.Sc. 
(Leeds). , 
Davip Maxwett Wixpine, B.A., B.A.I. 


(Dublin). 
Brian Witxinson, B.Eng. (Sheffield) 


(Stud.I.0.E.). 


a 


_ made the following presentations :— 


3 


bee: 


o: 


; phe AuLan WitiiaMs, B.Eng. (Shef- 


Perer Norman Wirxiams (Stud.I.C.E.). 
_Mavrice Wiis CreicnTon WILLIAMS, 


- _ B.A., B.A.I, (Dublin). 
_ Rozert Ipwat Tupor Wittiams, B.Sc. 


__ (Eng.) (Zond.) (Stud.I.C.E.). 

' Dovetas AtpertT Wi4s (Stud.J.C.B.). 

CHRISTOPHER CarIRNS Wzutson, B.Sc. 
(Edin.) (Stud.I.C.L.). 

_ Guorcr Epwarp Brian Wuson, B.Sc. 
(Cantab.) (Stud.I.C.E.). 


_ Terence Cuartes Witson, B.Sc. (Eng.) 


(Lond.). 


_ Gopwin Fenrx ParuwarHa Wirnana, 


B.Sc. (Eng.) (Lond.) (Stud.I.C.E.) 
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CuarLtes Davip Woop, B.Eng. (Liver- 
pool), 

Joun Freprrick Dizworte Woop 
(Stud.I.C.L.). 

Norman Francis Woop, B.A. (Cantab.). 

AntHony Joun Wooprorp, B.Sc. (Eng.) 
(Lond. (Stud.I.C.E.). 

Putmie Micnann Worruineton, B.Sc. 
(Eng.) (Lond.), (Stud.I.C.H.). 

StanLey Cempson Wricut, B.Sc. (Eng.) 
(Lond.) (Stud.I.C.L.). 

Wim Joun Youna, B.Sc. 
(Lond.). 

Isaac Mater Zetman, B.Sc. (Manchester). 

MicHann Zinn, B.A. (Cantab.). 


(Eng.) 


z The Secretary announced the awards which had been made by the 
_ Council for Papers presented during the Session 1951-52. Full details of 


all these awards are given on p. 39. 


A number of the recipients were in attendance and the President 


tion, and their affection. 


A Telford Gold Medal and Certificate to Dr Carlo Semenza ; 

Certificates of the award of Telford Premiums to Messrs A. A. Fulton, 
R. H. MacDonald, and J. T. Calvert ; 

Certificates of the award of a Crampton Prize to Messrs W. Storey 


Wilson and F, W. Sully ; 


a James Forrest Medal and Certificate to Mr F. G. Johnson; and an 


Institution Medal to Mr R. B. Sims. 


The Retiring President said that it was his great pleasure and privilege 
_ to introduce to the Meeting the new President, although no introduction 
_ of Mr Cronin was in fact necessary. Mr Cronin, who had for many years 
_ with great distinction held the important position of Chief Engineer of the 
_ Metropolitan Water Board, had at the same time given most valuable and 
" painstaking, service to the Council, to the Institution, and to the civil 
engineering profession, and had earned their deep gratitude, their admira- 


Mr Quartermaine welcomed him most heartily 


_ as the new President of the Institution, knowing full well with what honour 
and success he would lead the Institution, and wished him good fortune 


! 


ae 


and happiness in the Chair. 


He then requested the new President to take the Chair. - 


Mr ee Francis Cronin, C.B.E., M.C., B.Sc., then took the Chair | 


ie 


as President and called on Mr David M. Watson to move a resolution. 
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Mr David M. Watson, Vice-President, moved the following resolu- 
tion :-— 


“That the members present at this Meeting desire, on behalf of them- 
selves and others, to record their high appreciation of the services rendered __ 
to the Institution by Mr A. S. Quartermaine during his term of office as 
President.” 


Although Mr Quartermaine, he said, had slipped so easily from the 
Chair to a chair, the members would not want him to do so unnoticed. 
Mr Quartermaine was only human, and might well have some feeling of 
relief as he moved to the other chair, but it was perhaps very largely — 
because he was so very human that he had been such a great success as a 
President and had made himself so popular. 

It was true to say that Mr Quartermaine ought also to have feelings of 
pride and satisfaction in a job which had been done well. It was probable 
that the members of the Institution, and they alone, were in a position to 
give him that feeling, and there could be no doubt that they intended to 
do so. 

It might be regarded as not quite fair, but Mr Watson confessed that he 
had looked up some of the words used by Mr Quartermaine in his Presi- 
dential Address a year ago, and found that in the opening paragraph of 
that Address he had said: “. . . I am very mindful of the responsible 
task which lies before me. Remembering the eminent engineers who have 
held this office, I enter upon my duties with pride and humility, and the 
earnest hope that I may be able to serve the members, the Institution, and — 
the profession, in a manner worthy of your trust.’’ There might be no 
very definite promise in that, but the present meeting was the court and 
the members present were the judge and jury who would decide that point, 
while Mr Watson—self-appointed, perhaps—was counsel for the defence. 
He was untrained, he was inexperienced, but he had not the slightest doubt 
te the verdict, because really there was no case for the prosecution 

at all. 

Mr Watson had already referred to Mr Quartermaine’s manner, which 
had, he felt sure, enabled him to do more satisfactorily and more 
expeditiously many things that would not have been quite so easy other- 
wise. The Members of the Council who had had the privilege of sitting on 

the Council under Mr Quartermaine knew better than most people the — 
very wise counsel for which he had always been famed and the able way in 
which he had advanced the Institution’s affairs. Mr Watson wondered if 
it was generally known how very hard Mr Quartermaine had worked for 
the Institution during his year of office. He had devoted nearly the whole 
of his time to that work, which he had carried on unremittingly ; he had 
never spared himself, and he had never failed the Institution. “a 

Mr Watson wished to give one illustration, which he felt would be quite 
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_ sufficient, of what Mr Quartermaine had done. He had recently com- 
_ pleted a tour of the United States and Canada, undertaken on behalf of the 
‘members of the Institution. It had undoubtedly been a very arduous 
_ task, physically and mentally and, it might perhaps be added, gastro- 
_ nomically too! During that visit he had no doubt attended many 
_ banquets, but he had been present at one in particular where there were 
_ about a thousand guests, amongst whom were people such as ex-President 
Hoover. Mr Quartermaine was asked—that in itself was a high honour— 
_ if he would address the gathering on behalf of the profession of engineers of 
_ the world, and he did so. It would be known to most of the members 
present that it was not the custom in the United States to drink toasts, 
_ and that Americans were not easily moved. They apparently remained 
seated after an after-dinner address and merely applauded; but when 
_ Mr Quartermaine finished his remarks all the guests accorded him the 
- signal honour of rising to their feet spontaneously and applauding him. 
- That illustration was typical of the way in which Mr Quartermaine had 
_ carried the professional flag during his year of office. 
Mr Watson then invited the members present, the jury, to bring in 
_ their verdict that Mr Quartermaine had most markedly proved to be 
_ “worthy of their trust.” 
om Mr R. W. Mountain, who seconded the motion, observed that in doing 
so there was very little that he could add to the admirable words of Mr 
_ Watson. Having observed Mr Quartermaine during his year of office as 
_ President from the position of a Member of Council and a member of the 
Institution, Mr Mountain wished to pay a modest tribute to Mr Quarter- 
maine’s kindness and tolerance during all the meetings of the Institution 
and of the Council. That kindness and tolerance must have permeated 
right through the Institution during his year of office. 
4 Mr Quartermaine, in acknowledging the vote of thanks, said that Mr 
_ Watson and Mr Mountain had expressed sentiments and made remarks 
’ which he appreciated most fully. He accepted their sincerity, though he 
could not accept all the credit that they sought to give him. If the ship 
had been kept on a level keel and had even made a little headway during 
_ the past year, it had been due to the efforts of the Members of Council, 
backed by the Secretary and all the hard-working and helpful members of 
_ the Institution staff. - It was very pleasing to him to record that, although 
there had been much work at times, he had been very happy during the 
ao period of his office, and that had been due to the unstinted support and 
_ undoubted ability of the Council. To all the Members of Council, to other 
members of the Institution who had freely given of their time on Com- 
- mittees and in other work for the Institution, to Mr Graham Clark, and to | 
all the Institution staff he tendered his sincerest thanks. He looked 
forward with confidence to the continued and increasing progress of the 
_ affairs of the Institution. 
_ The President than delivered ‘te following Address. 
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PRESIDENTIAL ADDRESS OF 


Henry Francis Cronin, C.B.E., M.C., B.Se.(Eng.) 
President, 1952-53 


In electing me your President you have conferred upon me a very great — 
honour and one which I esteem most highly. I do, indeed, sincerely thank 
you for this, and I will use my best endeavours to fulfil the duties of this _ 
high office to the utmost of my ability, and I hope to your satisfaction. 

I must now devote my attention to my first task, and that is, the © 
Presidential Address. In this, unlike many of my predecessors, I have 
no cause to complain of lack of material, my only fear being that neither 
my pen nor my ability will be able to do justice to the subject which I 
have chosen. 

In a few weeks’ time there will occur the 50th anniversary of the 
passing of the Act which authorized the formation of the Metropolitan 
_ Water Board, and since I am proud to have spent over 32 very happy 
years in the employment of that Undertaking, it is natural to choose the 
water supply to London as the theme of this Address. 

The Board is a public Authority composed of sixty-six Members, 
elected by the various Local Authorities and certain other bodies. When 
it came into being it acquired by purchase the Undertakings of the eight 
Metropolitan Water Companies, as well as those of the Urban District 
Councils of Enfield and Tottenham. At the present time the Board have 
6 million consumers, residing in an area of approximately 540 square 
miles, These and the industries in which they are employed required in 
1951-52 an average daily supply of 316 million gallons. Added to this 
were bulk supplies of 6 million gallons per day, so that the total average 
daily demand was 322 m.g.d. Of this, 219 m.g.d. were derived from the 
Thames, 54 m.g.d. from the Lee, and the remaining 49 m.g.d. from under- 
ground sources. 

The principal works dealing with Thames water lie between Staines 
and Surbiton, although there are still filtration and pumping stations 
nearer to London, at Barnes, Barn Elms, and Kew. 

In the Lee Valley, the works stretch from Hertford to Hackney. The 
positions of the various works and places referred to in this Address 
(with the exception of Amwell End, Amwell Hill, and Cheshunt) are 
shown in Fig. 1, Plate 1. ‘ 

Nearly two million persons live in the catchment area of the ‘Thames 
above the intakes, whilst in that of the Lee the numberis about 280,000, 
In consequence, all the river water is polluted or is liable to pollution and 
the treatment consists of retention in storage reservoirs, filtration, and 


; PRESIDENTIAL ADDRESS 15 
chlorination. About three-quarters of the well water is suflicently pure 
to be pumped direct into supply after chlorination, but the remainder is 
' delivered into the New River and, mixed with River Lee water, is filtered 
~ at Hornsey and Stoke Newington. 
The whole of the supply to London is dependent on pumping and the 
magnitude of this operation will be appreciated when it is realized that 
; from the Thames works alone about 1 million tons of water on a normal 
_ day, rising to 1} million tons on a peak day, have to be pumped into 
- London. 
The Board is one of the largest Water Undertakings in the world, 
E _ supplying a population of 64 million persons—compared with 8 million 
~ persons supplied by New York. Owing, however, to the greater use of 
_ water in the United States the consumption in New York is about 870 m.g.d. 
~ whilst the City of Chicago with 3-6 million consumers requires no less than 
_ 734 m.g.d. as against 316 m.g.d. for the Metropolitan Water Board Area. 
' All these figures are in Imperial gallons. 
Mere size, however, is no criterion of performance and it is upon the 
- latter that a Water Undertaking is judged. So far as meeting the demands 
- of the consumer is concerned, the Board, in spite of difficulties due to 
_ wars and economic causes, has stood the test, but on account of the 
4 inability to construct more reservoirs, the future gives rise to some anxiety. 
¥ With regard to the purity of the supply, I cannot do better than to 
_ quote from the Government White Paper of 1944 entitled “ A National 
_ Water Policy,” in which it is stated :— - 
“Not so many years ago it was thought in responsible quarters that 
- London would have to abandon the use of the Thames and the Lee, but 
today 90% of London’s water—bacteriologically one of the purest in the 
_ world—comes from these two rivers.” 


___ The process of storing, purifying, and distributing the London water 
_ has sprung from small beginnings and has been built up slowly over the 
Hy centuries. I therefore propose to take you back to the reign of Queen 
. Anne and to ask you to accompany me on a brief excursion through part 
of the history and development of the pumped supply to London, not 
- forgetting the names of some of the many engineers who laid the founda- 
tions of the Undertaking which the people of London possess today. 


— 


York Burtpines WATERWORKS 


ty or about the year 1713 an important event took place, namely, the 
- erection of the first steam-driven pumping engine in London. This was at 
the lower end of Villiers Street, at the York Buildings Waterworks, which 
ere incorporated in the year 1675. The engine was a Savery engine, 
hich has its modern counterpart in the Pulsometer pump. Very little 
‘known about it, but it was not a success because the steam con- 
phen was heavy and it was taken out of use some time before 1727. 


aa 
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Since the steam pressure is believed to have been of the order of 100 lb | 
per square inch, it may be surmised that considerable trouble was ex- : 
perienced with the boiler. However, the York Buildings Company were 

not daunted and in 1726 they erected another steam engine, this being” 
the first Newcomen waterworks pumping engine in Great Britain. This 
also was unsuccessful but the Company persevered and in about 1752 
they installed a second Newcomen engine. This apparently worked well 
and it was later followed by a third, after which the Company seems - 
have carried on their pumping arrangements satisfactorily until financial 
troubles overtook them and they were amalgamated in 1818 with the 
New River Company, the oldest of the eight London Water Companies, : 
whose history formed part of the Presidential Address of Sir Jonathan — 
Davidson in 1948.1 


Tar FoRMATION OF THE METROPOLITAN WATER COMPANIES 


In 1723, the second of the large Water Companies was formed, namely, 
the Chelsea Company, which retained its name and identity for 180 
years. The Company constructed an intake from the Thames at a point _ 
just east of Grosvenor Road Railway Bridge, and was followed some 60 
years later, in 1785, by the Lambeth Water Company, which acquired 
land immediately downstream of Hungerford Bridge, on the site of the 
Royal Festival Hall, and pumped water to its consumers in the vicinity. | 

In the early years of the nineteenth century four more of the Water — 
Companies were established, these being the West Middlesex in 1806, with 
works at Hammersmith and later, in 1830, at Barnes; the East London © 
in 1807; the Kent Waterworks, which took over the River Ravensbourne _ 
works at Deptford, in 1809 ; and, in 1811, the Grand Junction Company. — 

In the meantime, steam pumps had continued to make progress. In 
1778, a Watt engine, with its separate condenser, was erected for the first _ 
time at a London waterworks in Shadwell, and thereafter a considerable 
number of these engines were built, some of which had very long lives. _ 
For example, a Boulton and Watt engine, installed at Deptford in 1812 and 
altered in 1845, was not taken out of use until 1926, and before it was broken 
up parts of the parallel motion were incorporated in the handrailing of the 
new Kempton Park engine house. Two other Watt engines were supplied 
to the Grand Junction Company at their Chelsea works in 1820. Subse- 
quently, in 1840-43, after the Company had moved their intake to Brent- 
ford (Kew Bridge) these engines were re-erected there and worked until 
1946. In 1846-48, they were rebuilt as Cornish engines and one of them 
is now preserved at Kew Bridge works, together with a 90-inch and a 
100-inch Cornish engine, a Cornish Bull engine, and a converted Maudslay 
Beam, to form a museum of old pumping plant. 


+ J. Instn Civ. Engrs, vol 31, p. 1 (Nov. 1948). 
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% Earty SELECT CoMMITTEES AND Roya ComMISssIONS 


5s In granting statutory powers to the various Companies, Parliament 
"had encouraged competition by allowing their areas of supply to overlap. 
After a time the Companies discovered that this policy did not pay and so 
“in about the year 1815 certain of them entered into mutual agreements 
_ by which they undertook to refrain from competition where they had con- 
Hi current rights of supply. By this means each company created a mono- 
~ poly in thee own area and it was not long before the water charges, which 
gad been too greatly depressed during the period of competition, were 
increased. This and the poor quality of the water supplied gave rise to 
complaints, and in 1821 there commenced the period during which a series 
_ of Inquiries by Select Committees of each and both Tivases took place, 
- four Royal Commissions were held, legislation was enforced on the Com- 
e panies, and efforts were made to abolish them, all of which lasted until the 
_ beginning of this century, when upon the recommendation of Lord Llan- 
| daff’s Royal Commission the Government introduced the Bill for the 
establishment of the Metropolitan Water Board. 

The first Parliamentary Committee, appointed in 1821, was interested 
mainly in charges, but since nothing resulted from its labours, the water 
q consumers were not satisfied and, as a result of petitions presented in 1827 
: alleging, inter alia, “that the water supplied by the Grand Junction 

_ Company to more than 7,000 families had been pronounced by professional 
4 men of the first eminence to be a filthy fluid, loaded with decayed vegetable 
_ and other substances equally deleterious to health and unfit for domestic 
$ ~ consumption, ” Parliament set up the first Royal Commission “ to enquire 
f _ into the state of the water supply of the Metropolis.” 
ie The members of this Commission were William Thomas Brande, a 

_ well-known chemist, Dr P. M. Roget (the author of Roget’s Thesaurus). 
Pind Thomas Telford, the first President of this Institution. The Com- 

mission reported in 1828 and found that “ the present state of the supply 

of water to the Metropolis is susceptible of and requires improvement . 

_ many of the complaints . . . are well founded and it ought to be dorited 
- from other sources than those now resorted to.” 
7 _ Again no action was taken, but in 1828 a Select Committee oe the 
Brisise of Commons recommended that Mr Telford should be “ instructed 
to report a practicable and efficacious plan for supplying the whole of 
_ the Metropolis with pure and wholesome water.” This recommendation 
_ was adopted and on 17th February, 1834 (the year of his death), Telford 
presented his report, recommending that water for the supply of the north 
" side of London should be obtained from the River Verulam, near Watford, 
‘and for the south side, from the River Wandle at Beddington, at a total 
' cee cost of nearly £2,000,000. 
_ Telford’s report was referred to another Select Committee but nothing 
: more was ‘done and the results of a House of Lords Committee of 1840, 


— 
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which appeared chiefly to concern itself with an alleged illicit. suppl 
obtained from the New River Company by—of all persons—a milkman 
were equally ineffective. 
The time, however, was fast approaching when Parliament was to enact 
general legislation dealing with matters of health. In 1847, the Wate: 
works Clauses Act was passed and this was followed in 1848 by the first 
Public Health Act. The London Water Companies did not escape atte 
tion and in 1852 the Government introduced a Bill which, passing in 
law, exercised a profound and far-reaching influence on the water supply 
to the Metropolis. Before dealing with the provisions of this Act it 
perhaps as well to say something about the events which led up to it. 


Location oF INTAKES AND TREATMENT OF WATER IN 1850 


Although the water in the Thames was in a bad state in the earlier 
part of the century and deteriorated as London expanded, it became very — 
much worse after it had become permissive, and subsequently, in 1847, _ 
compulsory, to drain houses into the sewers, and as more and more cess- _ 
pools were abolished. In the 1840's the intakes of the Companies were 
in the tidal reaches of the river, the lowest downstream being an emergency — 
intake of the New River Company at Broken Wharf in the City. It is_ 
true that this was rarely used, but when it was open the Thames water — 
was pumped directly into supply through a 33-inch main which connected 
to the distribution system in Cheapside. The normal sources of supply 
of this Company were Chadwell Spring, the River Lee, and a few wells 
sunk alongside the New River. No filtration was employed but the wate 
was allowed to settle in reservoirs and ponds at Stoke Newington and at — 
New River Head in Clerkenwell. 

A little higher up, but on the south side of the river on the site of the 
Royal Festival Hall was the intake of the Lambeth Company, from which 
water was pumped to reservoirs at Brixton and Streatham, being passed — 
through what is described as a vertical gravel filter at the former. The 
water in the river at this intake had become so bad that James Simpson, 
a Past President of this Institution, who was the Engineer to the Company 
—as well as to the Chelsea Company—had advised the Directors to move 
the intake to Ditton, and in 1848 powers were obtained for this to be done. 

The next two intakes were those of the Chelsea and the Southwark 
and Vauxhall Companies, which were nearly opposite each other. At 
that time the Chelsea works were still on the original site —now occupied 
by the carriage sidings of British Railways (Southern Region)—on which 
James Simpson undertook his historic experiments in filtration in 1827 
and built the first slow sand filter in London. In the 1840’s all the water 
supplied by this Company was subject to settlement and to filtration. _ 

The Southwark and Vauxhall Company was the last of the large Water 
Companies, being formed by an amalgamation of the Southwark and the 
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Vauxhall Companies. The new Company built sedimentation reservoirs 


_and filter beds at Battersea on land purchased by the Southwark Company 


in 1839, and which is now the site of the Power Station. 
Nearly 6 miles further up the river was the intake of the West Middlesex 


- Company at Barnes, where the water was passed through sedimentation 
| reservoirs but was not filtered before being pumped into supply from their 
_ works at Hammersmith. 


The Grand Junction Company’s first intake on the Thames was con- 


_ structed in 1820 at Chelsea, at the mouth of the Ranelagh sewer, but on 
_ account of bitter complaints of the quality of the water, this being the 
subject of the famous pamphlet entitled, “‘ The Dolphin,” the works were 


moved in 1835-38 to Brentford, just upstream of Kew Bridge, and from 


_ that time onwards all the water supplied by the Company was abstracted 
_at this point and passed through settling reservoirs. The first filter bed 
_ to be constructed here was completed in 1845. 


In the Lee Valley, the East London Waterworks Company dates 


- from 1807 when they absorbed the Shadwell and the West Ham Water- 
works. The new Company built works at Old Ford and there abstracted 
_ water from the River Lee, but in 1829 they moved the intake to Lee Bridge 


_ where they had purchased the Hackney Waterworks. It was at Old Ford 
in 1838 that Thomas Wicksteed, M.I.C.E., the then Engineer to the Com- 
_ pany, introduced the Cornish engine to London and at these works his 


first Cornish engine performed on trial more than double the duty of the 


_ existing Boulton and Watt engines. 


_ Eventually, more than fifty engines of this type, including Cornish Bull 
engines, were erected in London, and at many of these pumping stations 
the standpipes, whether encased in brickwork or not, formed conspicuous 


- features of the landscape. 


The eighth Metropolitan Water Company was the Kent Waterworks 


_ Company, which obtained its water from the River Ravensbourne about 
a mile above its junction with the Thames at Deptford Creek. The 


Total . 


TABLE [ 


Total number Average daily supply : 

poeeny of tenements m.g.d. 

New River : 83,206 15-5 
mastwondon «3 ". 56,673 9-0 
Southwark and Vauxhall 34,864 6-0 
West Middlesex ae 24,480 3:3 
Lambeth 23,396 3-1 
(Whelsea . . . 20,996 3-9 
Grand Junction 14,058 35 
Kent 9,632 7 11 

S 267,305 45-4 ro 
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Company came into being in 1809 and the water first supplied fro: m | 
Deptford was subject to settlement only, but filter beds were completed | 
at these works in 1844 and 1849. 
Thus, in or about 1850, three of the Companies did not filter their 
water at all, and the process as applied by at least one other Company was 
of doubtful efficacy. ’ . | 
To give an idea of the amount of water supplied, the figures shown in_ 
Table 1 are taken from returns made in 1848 and 1849. 
In addition, the Hampstead Company (which was acquired by the | 
New River Company in 1859) supplied 4,490 tenements, with an average 
quantity of 0-4 m.g.d. 


Report oF GENERAL BoarpD oF HeEattH, 1850 


In 1847, a Royal Commission was appointed to inquire into the measures _ 
requisite for the improvement of the health of the Metropolis, with par- 
ticular reference to drainage, street cleansing, paving, the removal of _ 
refuse, and the better supply of water. The cholera outbreak of 1848 _ 
diverted their attention from water supply and this was delegated to the 
General Board of Health, a body which had been set up under the provisions 
of the 1848 Public Health Act. 

The Board consisted of the Earl of Carlisle, Lord Ashley (afterwards 
the Seventh Earl of Shaftesbury), Edwin Chadwick, the great sanitary — 
reformer, and Dr Southwood Smith, and in 1850 they presented a volu- _ 
minous report of 350 pages containing over 120,000 words and concluding 
with 63 findings. 

Briefly, the Board considered that the London water supply was 
inferior to that of other towns, principally on account of its hardness. 
They condemned the intermittent supply and drew attention to the great 
waste of water which it occasioned. Further, they recommended the © 
abandonment of the Thames as a source of supply and its substitution by 
water to be obtained from the Greensand on the Surrey and Hampshire 
borders. The report also dealt with drainage and the Board recommended 
that the water supply and drainage of the Metropolis should be placed 
under the control of one and the same body. 

With regard to cholera, this was not attributed so much to the water 
supplied by the Companies as to the inefficient service which they rendered, 
resulting in the poorer classes seeking and obtaining water from polluted 
ditches, sewers, and wells, the latter source also being used by the well-to- 
do as evidenced by Dr Snow's classic research on the epidemic caused by 

the use of water from the Broad Street Well in Soho. afalla 
Another alleged disadvantage of the inferiority of the water supplied 
by the Companies was that “a large proportion of the population is 
rendered averse to the daily use of water as a beverage and is inclined and 
almost forced to the use of fermented liquors and ardent spirits.” It should 
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_ be clearly understood that it is no reflexion on the quality of the Metro- 
 politan Water Board supply to acknowledge that in some quarters this 
_ preference still exists. 
eZ In the next year (1851) the Government appointed yet another Com- 
“mission, generally known as the Chemical Commission, to report upon the 
Me hieriical qualities of the water supplied by the Companies, A great deal 
% _ of their report, which was issued in June 1851, was bosecaua’ with the 
_ hardness of the London water, and, while expressing a preference for 
"softened chalk spring water as the ideal, the Commission nevertheless 
recommended in favour of the Thames, provided that the intakes were 
removed above Teddington Weir and the whole of the water filtered. 

The prominence given to the hardness of the water, to which the first 
references were made in the reports of the General Board of Health and 
~ the Chemical Commission, arose from the then recent work of Dr Clark of 
Aberdeen, who, in 1841, took out a patent for “‘ a new mode of rendering 
certain waters less impure and less hard by the well-known method of the 
addition of lime.” Dr Clark also invented “ Clark’s Scale”? by which 
hardness is measured in grains of calcium carbonate in one Imperial gallon, 
or in parts per 70,000. It is now usual to express the hardness in parts 
per million, and on this latter method the average hardness of the water 
at present supplied from the Thames, Lee, and chalk wells, is approximately 
230, 270, and 300 respectively. In passing, the reference in the patent to 
rendering the water “less impure” is interesting in view of the later 
development of the excess lime process. 

_ Another interesting fact emerging from a perusal of contemporary 
_ evidence and reports is the consciousness of doctors and chemists that 
_ the appraisement of the purity of the water based on chemical analyses 
left much to be desired. They appear to have been groping for an explana- 
_ tion, which always eluded them, of the connexion between water and 
_ disease, and it was not until bacteriological methods of examination were 
introduced some years later that this link was finally established. So far as 
+ _ London is concerned, the first routine examination of the water by this 
i method was undertaken by Dr Percy Frankland in 1885. 


3 
q In 1851, the Government at length took action and the Home Secretary 
introduced a Bill for the amalgamation of the Water Companies. The 
Bill failed but in the following year the first Commissioner of Works 
presented another Bill which passed into law as the Metropolis Water Act, 
1852. Its provisions had wide-reaching effects and resulted in the im- 
‘mediate construction of works to the value of nearly two and a quarter 
pation pounds. 


eigen the requirements of this Act were as follows. 
the the 31st August, 1855, the Companies were prohibited from 
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taking water from any part of the Thames below Teddington Lock or from — 
any tributary stream at any place below the highest point to which the 
tide flowed. ll reservoirs within a distance of 5 miles of St Paul’s were 
to be covered unless the water were filtered after leaving the reservoir. 
In addition, all water was to be filtered unless drawn from wells. 

As might be expected, these requirements resulted in extensive works 
being undertaken by the Companies. The Lambeth Company, which had 
been forced by the bad condition of the water at Hungerford Bridge to 
anticipate this measure, completed their new works at Ditton in 1852 and 
closed their intake at Belvedere Road in 1853. Besides being the first of 
the London Waterworks to be constructed above Teddington Weir, this 
new station was remarkable for the pumping plant which it contained. 
Before deciding on the machinery, Simpson asked David Thomson, 
M.I.C.E., the Manager of Messrs William Simpson’s Engine Works at 
Belgrave Road, Pimlico, and Dr William Pole, M.I.C.E. (afterwards 
Honorary Secretary of the Institution) to investigate the type of engine 
_ which should be employed. Thomson proposed compound rotative beam 
engines which, so far as can be ascertained, had not previously been used 
for waterworks purposes, and he was subsequently entrusted with the 
design and manufacture of two pairs of this type of engine, each of 300 
horse-power. He introduced an innovation into these engines, namely, 
the bucket-and-plunger pump, by means of which water was delivered 6n 
both the up and the down stroke. This arrangement had been suggested 
by Smeaton in 1759, but it appears that hitherto it had not been applied. 
The firm of James Simpson & Co., as it subsequently became, built large 
numbers of these engines for use in Great Britain and elsewhere. 

Of the other Companies, the Chelsea built a new works at Surbiton 
adjacent to the Lambeth Company’s Ditton works, while the Southwark 
and Vauxhall, the Grand Junction, and the West Middlesex Companies, 
who employed the same consulting engineer (Mr Joseph Quick, M.I.C.E., 
also Engineer to the Southwark and Vauxhall Company), constructed 
intakes and engine houses at Hampton and pumped raw water to their 
respective works at Battersea, Brentford (Kew Bridge), and Barnes 
through mains specially laid for that purpose. aK 

On the other side of London, the New River Company built filter beds 
at Stoke Newington and New River Head, the East London Company — 
installed filtration and pumping plant at Lea Bridge, while the Kent 
Company had already built filters at Deptford. 


Suppiies FROM UNDERGROUND SourcEs 


Although from time immemorial water supplies have been obtained 
from wells, no serious attempt seems to have been made to obtain a public 
supply from the Chalk under London until 1833, when the Hampstead 
Water Company (later, in 1859, absorbed by the New River Company) 
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4 sank a deep well at East Heath Road near the south-west corner of the 
_ lower of the Hampstead Ponds. The yield was small and the well became 
_ disused by 1858. 


The first well sunk by the New River Company was at Hampstead 


; Road (by Warren Street Tube Station) in 1838, and this was filled-in some 


_ time before 1889. In 1846 and 1848, the Company also sank shallow wells 


_ at Cheshunt, Amwell End, and Amwell Hill respectively, from which water 
_ was pumped into the New River, and in 1853 a new Company, styling 
_ itself “The Plumstead, Woolwich and Charlton Consumers Pure Water 


Company,” sank a well at Plumstead from which they afforded the first 


_ public supply of softened water, the method used being the excess-lime 
~ process. Nevertheless, the Company was not a success and it was purchased 
_ by the Kent Company in 1861. In spite of the fact that the latter Company 
had constructed filter beds at Deptford to purify its supply from the River | 
_ Ravensbourne, the results were not satisfactory and in 1856 the Company 
sank a well about 95 feet deep into the chalk. By a coincidence, the works 
had been located near the Wimbledon-Deptford fault and a prolific supply 
_ was obtained. Additional wells and borings were subsequently sunk at this 
_ site and the River Ravensbourne was abandoned as a source Of supply in 


1863. Today the station still yields about 4 m.g.d. from the Chalk. Other 


4 well stations in Kent and the Lee Valley quickly followed and eventually 
five of the eight Water Companies obtained supplies from underground 


sources, 


THE ComING oF STORAGE 


Except for two small reservoirs belonging to the New River Company 


_ at Cheshunt and dating from about 1835, all the early reservoirs (apart 


_ from service reservoirs) had been designed for the settlement of the 
_ suspended matter in the water, but in the early sixties the need for 


. storage began to be felt in the Lee Valley, where the increasing demands 


coupled with the low summer flows of the River Lee impelled the Hast 
London Company to construct their first reservoir to be “available in 


times of drought.” From then onwards, more and more reservoirs were 


constructed in this valley until, with the recent completion of the William 


- Girling Reservoir, all the available sites have been utilized. 


Inthe Thames Valley, the Chelsea and Lambeth Companies constructed 


- 
Fy 


reservoirs at Molesey and Walton in 1871, but, curiously enough, the 


purpose of these was to provide water in times of flood when the river 


_ water was too turbid for use. It was not until more than 20 years later, 


. 
4 


due to the findings of Lord Balfour’s Commission and to the fact that 
_ the demands were overtaking the authorized abstraction, that considera- 
_ tion was given to the construction of large reservoirs for use in times of 
/ drought, when the Southwark and Vauxhall Company promoted a Bill 
_ for fl reservoirs at Walton, the Lambeth Company for one at Island 


a ~ a 
Ss - 
ares YS . 
“A . ~ = 
a 


24 PRESIDENTIAL ADDRESS 


Barn (Molesey), and the Grand Junction, New River, and West Middlesea 
Companies jointly for two reservoirs at Staines. . 


Tae Duke or RicumMonp’s Roya ComMMIssION 


Notwithstanding the improvement in the quality of water resulting 
from the removal of the intakes from the lower reaches of the river, appre- 
hensions were felt about the discharge of sewage into the upper reaches” 
of the Thames, and in 1866 a second Royal Commission (the Duke of 
Richmond’s) was appointed, with wide terms of reference, “ to inquire into 
the present water supply of the Metropolis and whether there are other — 
districts in addition to the high districts in England and Wales from which _ 
a good supply of unpolluted and wholesome water can be obtained and to 
report . . . which of such sources are best suited for the supply of the 
Metropolis and its suburbs.’” Amongst the members of the Commission” 
-were Mr T. E. Harrison, a railway and dock engineer, who became President _ 
of the Institution in 1874, and Sir Joseph Prestwich, the geologist. The 
Secretary of the Commission was that remarkable man, Dr William Pole, — 
to whom reference has already been made. 

This Commission, which was the first official body to consider proposals — 
for a supply of water to London from a distance, took a great deal of 
evidence and considered a number of schemes. These included a proposal — 
by Mr J. F. La T. Bateman (later President of the Institution) to obtain 
water from gathering grounds lying south of Snowdon and draining into 
the Severn, and that of Messrs G. W. Hemans and R. Hassard, MM.I.C.E 
for a supply from the Lake District by damming the outlets of Thirlmere_ 
and Haweswater (now both utilized by Manchester) and by obtaining a 
small supply from Ullswater. | 

Another Welsh scheme was put forward by Mr Hamilton Foultor 
M.LC.E., for tapping the headwaters of the Wye, whilst a Mr Remington 
advocated the Derbyshire hills. ee. 

The Commission also considered a number of suggested methods of 
providing water for London from the Thames, the Lee, the Chalk and — 
Oolite formations in the Thames Valley, and a few miscellaneous sources. | 

_At the end of a report consisting of more than 120 pages, the Com- 
mission set out their findings in which they rejected the Lake District and 
the Welsh schemes on financial grounds and expressed the opinion “that 
the River Thames, supplemented if necessary by works for storing the 
flood waters, together with the River Lee and water obtainable from the 
Chalk to the south and south-east of London, as well as probably from the 
Lower Greensand, will furnish a supply sufficient for any probable increase 
of the Metropolitan population.” Then followed some remarks upon the 
quality, in which it was stated that there was no evidence that the water 
then supplied by the Companies was not generally pure and wholesome, 
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and that whilst this water was hard, it was not injurious to health, but that 
_the filtration process was in many cases improperly performed. 

Although provisions had been included in the 1852 Act under which 

a constant supply could be required, they proved in practice to be of no 
value and for many years the lack of this essential amenity had been the 
cause of complaint and ill-feeling against the Water Companies. The 
Commission gave consideration to this question and recommended that the 

_ system of constant supply should be promptly introduced but since in 
their opinion this could not be effected by private companies on account 
of the difficulties which these companies would have in obtaining entrance 

_ to premises and exercising control over fittings, they were, in consequence, 
_ of opinion that the management of the water supply should be entrusted 

_ to a public body. 

With regard to the future population and demands, the Commission 
_ considered that the former might rise to 44 or 5 million persons and that 

200 m.g.d would be the most that need be reasonably looked forward to 

_ for the Metropolitan supply. 

___ As a result of the Commission’s report, the Government passed the 
_ Metropolis Water Act, 1871, which contained provisions for the extension 

_ of the constant supply. It also required the Companies to make regula- 
tions for governing the “ waste or misuse ” of water and gave them power 
to control the use of water fittings. Apart from the appointment of an 
independent Water Examiner, whose duties were to ensure that the require- 

ments of the Act of 1852 as to the filtration of domestic supply were 

carried out, the 1871 Act did not otherwise disturb the control or the 

_ operations of the Water Companies. 


Tar Lonpon County Councit anD Lorp Batrour’s Royat ComMIssIon 


_ For the next few years the Companies continued to develop their works 
peacefully to meet the rising demands but in 1889 a new protagonist 
appeared on the scene. This was the London County Council, which had 
come into being consequent upon the passing of the Local Government Act 
of 1888. The Council immediately directed their attention to the water 
supply, formed a special Water Committee, obtained powers to spend 
‘money on these matters, and expressed strong views that the water supply 
to London should be under the control of a public authority. As a result 
of their representations to the Government, a third Royal Commission 
was appointed in 1892 under the Chairmanship of Lord Balfour of Bur- 
leigh, part of whose terms of reference was :— 


“‘ Whether, taking into consideration the growth of the Metropolis 
and the districts within the limits of the Metropolitan Water Com- 
be _ panies and also the needs of localities not supplied by any Metropolitan 
¢ Company but within the watersheds of the Thames and Lee, the 
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present resources of these Companies are adequate in quantity and 
quality and, if inadequate, whether such supply as may be required 
can be obtained within the watersheds referred to, having due regard 
to the claims of the districts outside the Metropolis but within those 
watersheds or will have to be obtained outside the watersheds of the 


Thames and Lee,” 


This was an exceptionally strong Commission and, in addition to the 
Chairman it consisted of six members. Two of these, Sir George Bruce, 
and Mr James Mansergh, were Presidents of the Institution in 1887-88 
and in 1900 respectively. The other members of the Commission were — 
Sir James Dewar, the physicist, Sir Archibald Geikie, the geologist, Sir _ 
William Ogle, a Doctor of Medicine and statistician, and Mr G. H. Hill 
M.I.C.E., a consulting water engineer. 

The Commission received a great deal of important and interesting 
evidence on engineering, geological, and other subjects connected with — 
the water supply to the Metropolis, including the potential supply available — 
from the Thames and the Lee and the underground sources in the vicinity _ 
of London, but they did not consider any scheme for bringing water from — 
distant sources such as Wales. 

The report, proceedings, and appendices, published in 1893, contain — 
a mass of valuable information upon the London water supply in all its — 
aspects. In their findings the Commission stated that they were satisfied _ 
that the water then supplied to the consumers in London was of a high © 
standard of purity and that, with adequate storage, the resources within — 
the watersheds of the Thames and Lee were sufficient for a long time to 
come. The Commission considered that in 1931 the population to be 
supplied in an area of 845 square miles would be about 11} million persons - 
and, adopting a figure of 35 gallons per head per day for their future 
requirements, they estimated that the consumption in that year would 
be approximately 394 m.g.d. 

In dealing with the resources of the Thames and Lee watersheds in the 
vicinity of London, the Commission estimated these to be :— 


m.g.d. 
From wells and springs in the Lee Valley and in the Kent area. . . 61 
From the River with additions to the present storage system . 524 
From the River Thames by the construction of storage reservoirs at no 
great distance above the present intakes of the Companies . 
420 


Considering the relatively few years for which the river gaugings were 
available and the limited extent to which the wells had been developed. 
at the time of the Commission, these estimates, in the light of more than 50 
years’ subsequent experience, are remarkable for their accuracy. 

Although the Government took no action upon this report, the findings. 
did not satisfy the London County Council. That body disagreed with 
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the proposed storage scheme and, while reiterating their views that the 
_ water supply should be under public control, expressed the strong opinion 
_ that additional supplies should be obtained from a purer source than either 
~ the Thames or the Lee. They, therefore, instructed their Chief Engineer 
- Mr (later Sir Alexander) Binnie, who was President of the Institution in 
_ 1905, to prepare a scheme for a.supply from Wales. 


$ Lorp Lianparr’s Roya ComMMIssion 
_ In their campaign against the Water Companies, the London County 
Council obtained gratuitous assistance from an unexpected source. The 
- rainfall in 1895 and in the early part of 1896 was below the average, and 
_in consequence the flows in the River Lee were abnormally low. Since 
the East London Company did not possess sufficient storage, the water 
_ supply to the East End had to be drastically reduced during these summers. 
- This, and the attempts by the London County Council in the Parliamentary 
“Sessions of 1896 and 1897 to obtain powers to purchase the Water Com- 
" panies, resulted in the appointment, in May, 1897, of the fourth and last 
Royal Commission under the Chairmanship of Lord Llandaff to inquire, 
inter alia, as to whether “. . . the Undertakings of the Water Companies 


should be acquired and managed either : 


: (a) by one Authority ; or 
“4 (b) by several Authorities ; and if so, 


what should be such Authority or Authorities.” 

. Only two engineers served on this Commission, namely, Sir George 
_ Bruce, who was also a member of Lord Balfour’s Commission, and Major- 
General A. de C. Scott, R.E., who for about 12 years was the Water 
- Examiner to the Metropolis under the 1871 Act. 

_ Much of the evidence placed before this Commission, and no incon- 
" siderable part of their final report, dealt with finance. Nevertheless, they 
considered some engineering matters of great interest, one of the most 
important being the London County Council’s scheme for a supply from 
Wales. This proposal was to obtain water from the Usk, the Wye and its 
tributaries, as well as from the Towey, the quantities varying between 121 
and 165 m.g.d. for the first instalment, up to 208 m.g.d. for the completed 
scheme. The estimated cost of obtaining a supply of 121 m.g.d was given 
_ by Sir Alexander Binnie as a little over £10,000,000, but this was disputed 
_ by other witnesses. The Commission, however, rejected the Welsh scheme 
on the score of expense and endorsed the recommendations of the two 
_ previous Royal Commissions in favour of the Thames and Lee, being 
satisfied that, “given effective conservancy and adequate treatment of 
the raw water, the wholesomeness of the supply can be maintained.” 
Another matter which was soon to assume—and which continues to 
yssume—great importance was dealt with in their report, namely, the 
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minimum flow of the river below the intakes. Upon this, Lord Balfour's 
Commission did not make any recommendation, though they did consider 
a storage scheme based on a minimum flow of 200 m.g.d. over Teddington — 
Weir. A great deal of evidence was presented to Lord Llandaff’s Com- 
mission on this subject, and in their report they expressed the opinion that 
the minimum flow over Teddington Weir should be fixed at 200 m.g.d. and 
that this should not be reduced except under special safeguards and — 
restrictions. 
On the principal matter which had been referred to the Commission, — 
they recommended that both on engineering and financial grounds it was 
desirable that the Undertakings of the Water Companies should be acquired _ 
and managed by a single public authority. j 
The Government accepted these findings and on the 2nd January, 1902 
a Bill was introduced into the House of Commons to provide for the 
formation’ of a Metropolitan Water Board to purchase and manage the 
Undertakings of the eight London Water Companies. On the 18th 
December, the Bill passed into law as the Metropolis Water Act, 1902, 
and the Board met for the first time on 2nd April, 1903. 


THe Earty Days or THE MeTrRoOPOLITAN WATER BoARD 


In June and July, 1904, the Board took over the works, duties, and 
obligations of the eight Water Companies and also the Undertakings of 
Enfield and Tottenham Urban District Councils, for which they paid a 
total sum of approximately £47,500,000. Thus, nearly 300 years after 
the formation of the New River Company, the Metropolitan Water Com- 
panies came to an end. It has been fashionable to decry their achieve- 
ments, but there is no denying that many of the works which they con- 
structed and which are still in use are examples, and very good examples, 
of the best engineering practice of their day. Whatever may have been 
their shortcomings, one Company at least appreciated the value of their 
Chief Engineer and it is on record that he received in addition to a salary, 


the new works which he constructed. It need hardly be added that under 
such an excellent arrangement the works of this particular Company were 
ee up-to-date and fully adequate to meet the demands made upor 
them. 
After determining procedure and deciding upon their organization, the 
Board took stock of their position and commenced to integrate their 
heritage. Their obligations consisted of an increasing supply to some 


6,400,000 persons who, together with the industry in the area, required 


about 210 m.g.d. 4 


The future population and demands of Water London had been the 
subject of investigations by the last two Royal Commissions. Lord 
Llandaff’s Commission estimated that the population to be supplied in 

: pen: 
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“1941 would be about 12 million persons and, further, that an allowance of 
_ 39 gallons per head per day for all purposes would then be ample. Thus, 
_ the total demands in 1941 were expected to be about 420 m.g.d. and these 
“figures were adopted by the Board in preparing their programme of new 
works, 
____ The assets on taking over were, in the light of present-day experience, 
_not easy to define. So far as the wells were concerned, many of the yields 
_ given in evidence prov ed later to be on the optimistic side, whilst the Lee 
A had already given signs, and later conclusive evidence, of being overdrawn. 
In the case of the main source, the Thames, the amount which could legiti- 
be - timately be abstracted was becoming inadequate. The conditions of 
is abstraction did, however, include the important and favourable provision 
_ that 130 m.g.d. could be abstracted irrespective of the flow in the river. 
"This was usually referred to as the “ unrestricted right.” It was, however, 
ie evident that more storage was required and that; sooner or later, a 
minimum flow would be imposed. 
With regard to the supply from the Lee, powers for as much storage 
“as that valley could accommodate had been bequeathed by the East 
london Company and, therefore, the first major task of the Board was to 
f secure authority for the construction of additional reservoirs in the Thames 
a Valley. 


THAMES STORAGE, THE STaTUTORY FLOw, AND PowERS oF 
ABSTRACTION 


eR ory, 60S 
" a . 


Having determined as a matter of policy to continue to take water 
from the Thames and basing their calculations on the flows of 1899 and 
id on the then existing conditions of abstraction, the Board decided to apply 
to Parliament in the Session of 1910-11 for powers to build one reservoir 
near Sunbury and seven other reservoirs, having a joint capacity of about 
20,000 million gallons, in the vicinity of Staines. Of these, the Sunbury 
Reservoir was withdrawn before the Bill was considered, two were thrown 
out by the Parliamentary Committee, two were subsequently withdrawn 
by the Board, and powers for the remaining three were granted. These 
latter were eventually constructed, two being merged into the Queen Mary 
Reservoir (6,679 million gallons) and the third, enlarged under powers of 
the 1935 Act, to form the King George VI Reservoir, Staines (4,466 
‘million gallons). 
Inthe same Session, the Thames Conservancy introduced a Bill dealing, 
“amongst other matters, with the Board’s powers of abstraction, under 
which the Board were to be required to give up their “ unrestricted right ” 
to take 130 m.g.d. in exchange for additional powers of abstraction. By 
ag sreement between the two Boards, it was proposed that a statutory 
nini num flow of 140 m.g.d. should be maintained at Teddington. Weir 
= fter the Water Board had constructed ee storage, the reason for 
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adopting this figure being that the calculated amount of storage based on 
a minimum flow of 140 m.g.d. would be the same as if the existing condi- 
tions of abstraction, including the “ unrestricted right” to 130 m.g.d., 
remained in force. 
Both Bills were considered together by the same Joint Select Com 
mittee of the two Houses and attracted considerable opposition. The 
result of the Water Board’s application has already been stated whilst, in 
the case of the Conservancy Board’s Bill, the Committee decided on a 
statutory flow of 170 m.g.d. As the Conservancy asked for 140 m.g.d. 
and their opponents pressed for 200, it is not difficult to follow the abstruse 
calculations which took place in the Committee Room while the contending 
parties waited in the corridor. Provision was also made in the Act, and 
confirmed in subsequent Acts, whereby the Local Government Board and 
their successors could, in conjunction with the Ministry of Transport, — 
reduce the statutory flow in an emergency. a | 
The conditions of abstraction have since been altered from time to 
time and the Board have now powers to abstract an average of 300 m.g.d. _ 
(400 m.g.d. after the construction of either Wraysbury or Datchet reser- 
voirs) during any year with a maximum of 1,200 million gallons on any one 
day, subject always to the maintenance of the statutory flow at Teddington © 
Weir. As a matter of interest, the unrestricted right to take 130 m.g.d. 
came to an end in 1926 when the Queen Mary Reservoir was brought — 
into use. 
Having dealt briefly with the historical background of the Undertaking 
and in particular with the supply from the Thames, which may be des- 
cribed as a river supply assisted, when required, by reservoirs, I would — 
like to conclude with a few observations on the adequacy of the Board’s — 
resources, but before doing so it is desirable to place on record some particu-_ 
lars of the Rivers Thames and Lee, as well as of the underground sources, 
and to make a brief reference to the possible demands in the future. 


THe River THAMES AND THE THAMES-DERIVED SuppLy 


The catchment area of the River Thames above Teddington Weir is_ 
3,812 square miles and over this, the standard average rainfall is 28-21 
inches. Chalk and other limestones, sandstones, and clay are the principal — 
geological formations in the valley, and since about two-thirds of this area 
is permeable or semi-permeable and, in addition, there are extensive 
deposits of gravel, the flow is well maintained even during long periods of — 
low rainfall, ; t 

The standard average natural flow at Teddington Weir is 1,357 m.g.d._ 
for the year, and for the month of lowest flow (September) it is 528 m.g.d. 
In the summers of drought years, however, the average daily natural flow 


during a month is often about half this amount, the lowest recorded being 
205 m.g.d. in July, 1921. 
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Records of the natural flow of the Thames at Teddington exist from 
1883 and from these a good indication of the quantities of water likely to 
_be available in dry years can be obtained. Owing to the lag between the 
“incidence of rainfall and the emergence of the water from the springs, 
‘storage calculations are based on river flow records, which in drought 
years follow a fairly regular elongated U-shaped pattern. The drought 
years have been 1899, 1921, 1934, 1944, and 1949, and if calculations are 
made to ascertain the amount of storage required to maintain the present 
supply, it is found that 1921 was the most severe drought and denoting 
this by unity the relative severity of the series is :— 
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_ In their early days the Board estimated their storage requirements 
on the 1899 flows. The information furnished by the later gaugings shows 
that considerably lower flows may be expected in drought years and it 
_ has now been decided to adopt the flows of 1944 as a standard, leaving the 
b supply in the still more severe droughts of the 1921 and 1934 types to be 
taken care of by the reduction of the statutory flow. On this basis the 
“maximum economic yield of the Thames during a drought similar to 
1943-44 would be about 345 m.g.d., for which a gross reservoir capacity 
_of some 52,500 million gallons would be needed. Any attempt to augment 
the supply by still further increasing the storage would result in the pro- 
vision of reservoir accommodation which—during a repetition of this 
"particular type of drought—could not be completely refilled during the 
winter and, in consequence, the river would then be over-reservoired. 


a - 


g Tue River Lee 

‘ _ Whilst there is still ample water available from the Thames to increase 
the supply, provided that sites for additional reservoirs can be found, the 
River Lee, from which the Board have the right to abstract practically 
‘the whole flow, is overdrawn. The river is gauged at Feilde’s Weir, 
‘Hoddesdon, and owing to excessive pumping of undergound water in its 
en its dry weather flows are diminishing. Whilst the standard average 
daily natural flow for the year is 110 million gallons, monthly average flows 
of only 16 m.g.d. have been recorded for 2 successive months. Besides this, 
‘the winter flows are often so low that they will not provide sufficient water 
‘to refill the reservoirs. In addition, the quality of the water is deteriorat- 
ing, and altogether this river is a troublesome and unsatisfactory source, 
‘To safeguard and to improve the supply to East London the Board have 
recently sanctioned the construction of a 75-inch-diameter main, 24 miles 


4 


1 length, from Hampton to Chingford, for the conveyance of raw Thames 
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water to the Lee Valley. Owing to the difficulty of finding a path for a 
main of such a size in the streets of London, it is to be laid in a tunnel — 
driven through the London clay.+ 4 
At present the yield of the Lee and its reservoirs in a drought year is 
about 44 m.g.d. and it is probable that this will decrease. 


SupPLY FROM WELLS 


_ The underground supply is obtained by pumping from fifty-three wells 
and boreholes sunk in the Chalk and two each in the Upper and Lower 
Greensands. These are capable of yielding about 65 m.g.d. and, despite _ 
the overpumping in many parts of the Board’s area, it should be possible 
to maintain this quantity or even to increase it slightly, especially since 
the area is now scheduled under Section 14 of the Water Act. Nearly 
all the wells are in the Board’s Kent Area or the Lee Valley. On accoun 
of the extension of housing development into rural areas, with the conse- _ 
quent pipe drainage or cesspools, constant vigilance is necessary to detect 
and counteract any pollution which may find its way through the fissures _ 
of the Chalk into the water drawn from the wells. Further, there is now _ 
some risk of estuarine water being drawn into the Chalk adjacent to the 
lower reaches of the river owing to the lowering by pumping of the under- _ 
ground water table. 


CoNSUMPTION OF WATER 


There are few persons who do not take a lively interest in mystery and 
detection. To the Water Engineer the consumption of water provides 
both ; mystery as to how much water is used and where, and detection as_ 
to his ability to find and stop waste. . 

Neglecting bulk supplies, the average daily supply in 1951-52 for 
domestic purposes was 212 million gallons, whilst the metered or trade 
supply was 104 million gallons. The total consumption since the Board 
came into being has been increasing (see Fig. 2) but the remarkable fact is 
that, of the total increase of 73 m.g.d. since 1911 (the first year for which 
the records of metered supplies are available), the domestic consumption 
has risen by only 25 m.g.d. or 13 per cent, while the increase in the 
metered or trade supply has been 48 m.g.d. or 86 per-cent. This is not— 
easy to explain in view of the large number of houses built since the end 
of the first World War, but it has to be remembered that the figure for 
domestic consumption includes practically all the leakage and waste and 
any reduction in these lessens the apparent domestic demand. The 
peculiarity of these figures may not be unconnected with the substitution 
of Venturi meters to measure the output from the works for the method 


1 Pp. A. Scott, “A 75-inch-diameter Water Main in Tunnel: A New Method of 
Tunnelling in London Clay.”’ Proc. Instn Civ. Engrs, Part I, vol. 1, p. 302 (May 1952). 
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of calculation by engine counters, while, since and during the war, the 
scarcity and high cost of fuel have restricted the use of hot water. 


AVERAGE Datty Suprty 1904 ro 1952 


A 
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FururRE DEMANDS 


And now I come to that pitfall of so many prophets, including myse: 
—the estimation of future demands. These are influenced by the popula: 
tion, the quantities of water required for domestic purposes, the needs 
industry, and by bulk supplies. » | 

In 1899, Lord -Llandaff’s Commission estimated that the population 
of Water London (620 square miles) might slightly exceed 12,000,000 
persons by 1941. Very fortunately this estimate has not been realized 
and the population in the Board’s area of supply (540 square miles) at the 
1951 census was 6,500,000 persons as against 6,400,000 in 1904, having . 
fallen from the peak figure of 7,000,000 in 1931. The economic and — 
strategic problem created by the drift of the industrial population to 
London was recognized by the Barlow Commission in 1940 and it is 
significant that the London County Council are planning for an ultimate 
population of 3,250,000 in that area as against an estimated population — 


in this area will be eventually it is difficult to assess, but it is hoped that _ 
it will not increase appreciably above the present figure. The consumption 
per head per day for all purposes is now about 49 gallons, being divided — 
into 33 gallons for domestic purposes and 16 gallons for trade supplied by 
meter. The two Royal Commissions considered that 35 gallons per head 
per day for all purposes would be ample, so that whilst they over-estimated _ 
the population they under-estimated the per capita demand. y 
Whilst it is not easy to predict either the future population or the 
demand per head per day, the estimation of the combination is even more 
hazardous and so Sir Jonathan Davidson, when he was Chief Engineer, — 
analysed mathematically the trend of supply between 1904 and 1938 and 
projected it on to 1957. On the assumption that this followed a straight-) 
line law, he found that the increase in the consumption was at the rate of 
2-32 m.g.d. per annum and a recent calculation based on the period 1904 
to 1952 showed but little departure from this figure. At the moment the — 
consumption is slightly below the line of trend, but if no disturbing factors 
intervene and this trend still holds good, a total demand of about 370 ; 
m.g.d. might be expected in 1970 if this should be a normal year, but rising” 
perhaps to 390 m.g.d if that summer were excessively hot and dry. aa 


THE Boarp’s Resources 


Let me now turn to the other side of the picture and assess the resources _ 
of the Board, first in relation to the present supply of 322 m.g.d. and then 
in the light of their capacity to meet a demand of 390 m.g.d., assuming 


“a in both instances 110 m.g.d. can be obtained from the Lee and the 
wells, 
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With the existing Thames storage of 17,700 million gallons, an average 

daily Thames-derived supply of about 175 million gallons could be afforded 

during a drought like 1944, so that there is now a deficiency of some 37 
~ mn.g.d. to be made up by reducing the statutory flow. 

The Board have powers to build three reservoirs at Walton, Wraysbury, 
_and Datchet, which together would contribute some 13,000 million gallons 
_ of storage, but on account of the economic situation of Great Britain their 
_ construction is at present in abeyance. However, when these reservoirs 
- are in existence, the reliable Thames-derived supply will be 240 m.g.d. 
_ This, with 110 m.g.d. from the other sources, will afford a total of 350 
- m.g.d., which will be the limit of the Board’s resources until further storage 
“is provided. Thus were the demand to reach 390 m.g.d. after the con- 
_ struction of the three reservoirs, the deficiency would be much about the 
- same as it now is, that is, 40 m.g.d., and this again would have to be made 
_ up by the reduction of the statutory flow, the reduction, of course, being 
_ greater if the drought should happen to be of the 1921 or 1934 pattern. 
Broadly speaking, the supply of each additional million gallons per 
_ day requires the provision of 200 million gallons of storage, so that on the 
_ foregoing estimates not only should the three reservoirs be in commission 
_ before 1970, but some 8,000 million gallons of additional storage would be 
needed to enable the Board to comply with their statutory requirements, 
It is fully appreciated that these estimates of consumption may not be 
realized but the figures quoted indicate that unless the increasing demand 
_ for water is slowed down or halted—and there does not appear to be any 
sign of either taking place—further reservoirs will be required. The 
_ provision of such reservoirs, involving as it does the selection of geologically 
and geographically suitable sites, with the minimum disturbance of 
development and agriculture, is the most difficult and costly problem with 
which the Board are faced, and failure to find a solution may entail the 
_ much greater expense of obtaining a supply from Wales. 

Whatever view is held of the adequacy or otherwise of the statutory 
- flow of 170 m.g.d. over Teddington Weir, it provides a valuable reserve 

when the programme of reservoir construction is in arrears—as it is now, 
due to the two wars and their aftermath—but in common with most 
“reserves, it is not inexhaustible. The only safe method of increasing the 
_ supply from the Thames up to the economical limit is by the construction 
_ of more reservoirs. 


“* 
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Zz ConcLusIOoN 


__ And now I must bring this Address to a close without being able even 
to refer to many other subjects with which I would like to deal. Distribu- _ 
_tion, filtration, sterilization, and pumping, with their adherent problems, 
together with organization and administration, all provide topics of great 


interest in the work of supplying the Board’s consumers with 1} million 
ae ; : 
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tons of water each day. However, when I commenced I stated that I had 
no lack of material and if one of my successors finds himself in my place _ 
and elects to read a Presidential Address on the London Water Supply, 
he too, I think, will be able to begin and end with the same statement. 
It now only remains for me to express my thanks to all who have so 
“kindly helped me with the preparation of this Address, whether by corre- 
spondence or by searching through records, and my particular thanks are 
due to the Board’s staff, both in my own Department and in the Statistical 
Section of the Clerk’s Department, for their great assistance and 
co-operation. 


Dr W. H. Glanville, Past-President, moved 


“‘ That the best thanks of the Institution be accorded to the President 
for his Address and that he be asked to permit it to be printed in the 
Proceedings of the Institution.” 


Long before a President occupied the Presidential Chair, Dr Glanville 
observed, his troubles began. He felt that they had really begun when he 
found that he was confronted with the task of writing his Presidential 
Address, and he probably felt—at least, Dr Glanville had done so—that 
his anxiety grew as the days went by and the time came nearer for him to 
deliver that Address. All that was now over for their new President, and, 
whatever fears he might have had, he could now feel happy in the know- 
ledge that he had delivered to the members that evening something which 
was very much to their liking and which they had thoroughly enjoyed. 

Mr Cronin had told them a story of continuous progress from the time 
of Queen Anne onwards, a fascinating story on a subject which concerned 
them all very intimately, and he had told it in his usual-happy way, with 
a touch of humour and of human understanding. He had spoken of the 
achievements of many great civil engineers, including the first President 
of the Institution, Telford. It had been very enjoyable to listen to Mr 
Cronin’s story of the work that they had done and the efforts which they 
had made to improve what had been described as “‘a filthy fluid loaded 
with decayed vegetable matter.” It had been interesting to learn that in 
1850 it was because of the inferiority of the water that a large proportion 
of the population had almost been forced to use “‘ fermented liquors and 
ardent spirits.’ Dr Glanville wondered why the engineer who had such 
excellent arrangements for payment with his Board did not arrange for a 
special supply of ardent spirits. He noticed, incidentally, that that 
engineer appeared to be the only one who had not been mentioned by 
name in the Address and, therefore, the letters M.I.C.E. did not appear ! 

They were all very grateful to their President for his really excellent 
Presidential Address, for its great interest and for the very happy way in 
which he had delivered it. It was clearly a foretaste of what promised to 
be—and they would do all they could to make it so for the President—a 
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very happy and successful Coronation Year. They wished the President 
every happiness in carrying out the many tasks which he would have to 
undertake for the Institution, tasks which he hoped he would not find too 
heavy in view of the tremendous load which he had to carry in connexion 
with his onerous duties with the Metropolitan Water Board. It was there- 
fore with the greatest pleasure that Dr Glanville called on Mr Hartley to 
second the motion. 
Mr A. C. Hartley, Member of Council, said that it was with particular 
_ pleasure that he seconded the vote of thanks proposed by Dr Glanville. 
Mr Hartley’s interest in the subject of water supply started, he thought, 
when he had been asked in his final year in college to prepare a report 
- comparing the water supplies of London, Birmingham, Manchester, and 
_ Glasgow. He had been wondering, since the President had been at the 
_ same college, whether that same task had been given to him, and whether 
_ that had been to some extent the reason for his so happy choice of career. 
Mr Hartley noticed that the President raised his glass once or twice 
during the Address, but did not know whether that was advertising that 
_ the liquid was no longer a “ filthy fluid ” or whether the glass contained 
- some of that ‘‘ fermented liquor or ardent spirit ” referred to in the Address. 
| Mr Hartley had had very great help before the war from Mr Cronin 
and his colleagues in connexion with water supplies in Abadan, where on 
one or two occasions he had stated that the quantity of water being handled 
_ there—largely for industrial purposes, of course—was as much as Mr 
_ Cronin was dealing with in the Metropolitan area each day. Mr Hartley 
and his colleagues had received great help from Mr Cronin in their work in 
Persia. During the war he had very kindly permitted the use of the un- 
finished reservoir at Staines for certain experiments and had thus greatly 
contributed to their success. For those reasons Mr Hartley had the 
i ee pleasure in seconding the vote of thanks. 


The motion was carried with acclamation. 


The President, in acknowledging the vote of thanks and giving per- 
mission for the Address to be printed in the Proceedings, expressed his 
__ sincere thanks to both Dr Glanville and Mr Hartley, and assured Mr 
Hartley that the water in the glass beside him was not Metropolitan Water 
Board water. He did not know whether or not, as President, he should 
stigmatize the Institution as an anti-social body, because it owned a 
_ private well, and thus avoided paying any contribution to the Metro- 
_ politan Water Board. 
; _ He had spoken long enough and comparisons were odious, but he could 
i ~ not resist the temptation to observe that Dr Glanville, in his Presidential 
_ Address two years previously, had stated that one in five of those present 
4 at that time, would, in our lifetime, be injured in a road accident. The 
President could give the assurance that not one in five million of the 


. 
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people of London would ever get typhoid from drinking the water supplied” 
by the Metropolitan Water Board. The audience, therefore, could go away 
feeling that they could drink as much water as they liked and would be 
perfectly safe ! 

He thanked them very much for the kind way in which they hadi 
received his Address. He only hoped that they had enjoyed listening to it 
as much as he had enjoyed writing it. 


i Ay wy 
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1951-52 
MEDALS AND PREMIUMS, SESSION +95¢6=5t 


For Papers presented for discussion at Ordinary Meetings :— 


_ (1) A Telford Gold Medal to Dr Carlo Semenza for his Paper on ‘“‘ The Most Recent 

eo Dams by the ‘ Societé Adriatica di Elettricita (S.A.D.E.)’ in the Eastern Alps.”’ 

_ (2) The Coopers Hill War Memorial Prize to E. J. Hamlin, D.Sc., M.I.C.E., for his 

$ Paper on “Sewerage and Sewage Disposal in Sub-tropical Countries, with 
Special Reference to South Africa and Mauritius.” 

(3) A Telford Premium.to A. A. Fulton, B.Sc., M.I.C.E., for his Paper on “ Civil 

; Engineering Aspects of Hydro-Electric Development in Scotland.”’ 


ae 


j 
4x 


For Papers presented at Meetings of the Engineering Divisions :— 


STRUCTURAL AND BUILDING ENGINEERING DIVISION 


: (1) A Manby Premium to B. G. Neal, M.A., Ph.D., and P. 8. Symonds, Ph.D., jointly, 
for their Paper on “‘ The Rapid Calculation of the Plastic Collapse Load for a 
Framed Structure.”’ 


MARITIME AND WATERWAYS ENGINEERING DIVISION 


+ (2) A Telford Premium to M. C. White, B.Sc., A.M.I.C.E., for his Paper on ‘‘ The 
2 Design and Construction of the New Deep- Water Quays at Leith.” 


Py) 


4 WORKS CONSTRUCTION DIVISION 

rd (3) A Crampton Prize to W. Storey Wilson, M.C., B.Sc., M.I.C.E., and F. W. Sully, 
f M.1.C.E., jointly, for their Paper on “‘ The Construction of the Caisson Forming 
F the Foundation to the Circulating- Water Pump-House for the Uskmouth Generat- 
ing Station.” 


“3 PUBLIC HEALTH ENGINEERING DIVISION 

_ (4) A Telford Premium to R. H. MacDonald, M.A., A.M.I.C.E., for his Paper on 

ct “ Relation between Daily Rainfall and Flow of the River Shin.” 

- (5) A Telford Premium to J. T. Calvert, M.A., M.I.C.E., and P. M. Amcotts, A.M.I.C.E., 
jointly, for their Paper on ‘‘ Some Problems in the Disposal of Industrial Effluents 
and Domestic Wastes.”’ 


StupDENTs’ PAPERS 


For Papers read before Local Associations and the Association of 
London Students :— 


(1) The James Forrest Medal and a Miller Prize to F, G. Johnson, M.Eng., Stud.I.C.E., 
= for his Paper on ‘“‘ The River Dee as a Source of Water Supply for the Wirral 
: Peninsula ’’ (North-Western Association). : 

_ (2) A Miller Prize to A. D. Anderson, Stud.I.C.E., for his Paper on “ The Construction 
of a Sewer passing through an Extensive Pocket of Running Sand ”’ (Edinburgh 
____ and East of Scotland Association). ‘ 

(3) A Miller Prize to H. A. Hope, Stud.I.C.E., for his Paper on “ Notes on the Con- 


struction of Highways in Sweden ’’ (Edinburgh and East of Scotland Association). 
_ (4) A Miller Prize to E. T. Haws, M.A., Stud.I.C.E., for his Paper on “‘ Survey Work 
4 ~ for Part of the Errochty Hydro-Electric Project’? (Edinburgh and East of 
Fg _ Scotland Association). : . 

_ (5) A Miller Prize to George Diggle, B.Sc., Stud.I.C.E., for his Paper on, The Re- 
____ spective Merits of Cast Iron and Steel Pipes in Waterworks Practice ’’ (Northern 
Counties Association). ; ¥; i 
(6) A Miller Prize to W. H. J. Dobson, Stud.I.C.E., for his Paper on The Ashford 
Common Works of the Metropolitan Water Board” (Association of London 


Students). 
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(7) A Miller Prize to D. F. Watson, Stud.I.C.E., for his Paper on “ Soil Stabilization ” 
(Glasgow and West of Scotland Association). | 


(8) A Miller Prize to Arthur Marsland, M.Sc., Stud.I.C.E., for his Paper on “‘ The Use — 
of Scale Models in Civil Engineering ”’ (Association of London Students). 
(9) A Miller Prize to E. W. Parkinson, B.Sc. (Eng.), Stud.I.C.E., for his Paper on 
“ The Proposed Fairfax Street Bridge, Bristol ’’ (South-Western Association). 
(10) A Miller Prize to A. C. Allen, B.Sc. (Eng.), Stud.I.C.E., for his Paper on Pow er 
from Water—Some Notes on Hydro-Electric Development” (Association of 


London Students). 


(11) A Miller Prize to J. R. Kemp, Stud.I.C.E., for his Paper on “ Some Considera, 
tions affecting Dock Design and Layout ’’ (North-Western Association). 


THE InstiTuTION MEDAL AND PREMIUM (Two) 


(1) Awarded on the result of an annual competition between under- 
graduates of the University of London. 


(2) Awarded on the result of an annual competition between Studen | 


of Local Associations. 


To Frank Geoffrey Johnson, M.Eng., Stud.I.C.E. (North-Western Association’ 
who read a Paper on “The River Dee as a Source of Water Supply for th 


Wirral Peninsula.”’ 


ELECTION OF ASSOCIATE MEMBERS 


The Council at their meetings on the dates given below, in accordance 
with By-law 14, declared that the undermentioned had been duly elected 


as Associate Members. 


23rd SEPTEMBER, 1952 


Home 


Jamrs Ronatp Apams, Stud. LC.E. 
Peter Gorpon Riapy Bartow, M.A. 
(Cantab.). 
Norman Frepertox Bart, B.Sc. (Eng.) 
(Lond.). 
GEORGE FREDERICK BEAVEN. 
Rocrr Lovuts Bonaront, B.Sc. (Eng.) 
(Lond.), Stud. L.C.E. 
_ Bernarp Wrii14M Burton, B.Sc. Tech. 
(Manchester), Stud. I.0.E. 
JosrrH Recrnatp Caro-Branco. 
Terence Jon Carroxt, B.Sc. (Eng.) 
(Lond.), Stud. I.C.E. 
Haronp Victor Cuivers, B.Sc. (Bir- 
mingham), 
CHRISTOPHER D’ALTERA Daxin, B.A. 
(Cantab.). 
Lesuiz Hiron Davis, Stud. L.C.8. 
GrorrrEy Coxon pE Rome, B.Se. 
se) . Law E 
N hoBERT Law Exxiorr, B.Sc. 
(Leede.). ton 


Ryan Ets. B.Sc. (Belfast). 
MicHaEL Francois Ennis, B.E._ 
(National), Stud. L.C.E, 
ArTHUR WHALLEY Ewart, : 
Henry Hotproyp Ferrevuson, B.Sc. 
(Leeds). | 
ALEXANDER Brame Garver, (Jnr.), 
B.Se. (@las.), Stud. LC.E. 
FREDERICK GrRovER, B.Sc. 


i. (Eng.) 
Wru1aM Hamiton, B.Sc. (Glas. ), Stud. 


Harman, B.Sc. ig.) 
Pa SF Stud. er (ee | 
LIVER HENSLEY, B.Sc. (Eng.) (Lond.), 
oe od REI . 
NALD JAMES Gemson Howarp, B.Se 
(Eng.) (Lond.), Stud. LC.E. 
James Parrick Hoy.anp, B.Eng. 
(Sheffield), Stud. 1.C.B. > ae 
Wr11aM BENNETT JARVIE. 
Samurt Tuomas Jonzs, 


_ Axistarr Kiynarp, Stud. I.C.E. 
Epwarp Aubert Lzx, B.Sc. (Eng.) 
(Lond.), Stud. I.C.E. 
Brian Tuomas Pucur Lewis, B.Sc. 
(Wales), Stud. 1.C.E. 
Norman Witi1am Hersert Luoyp. 
_ CHarLes ANDREW FERGUSON Lucas, 
Stud. I.C.E. 
Davi Trevor Mazon, B.Sc. (Birming- 
ham). 
Lronarp Dawson Ocpen, B.A. (Can- 
f tab.), Stud: L.C.E. 
_ Derek Rozsert Lenry Raysovtp, 
Stud. L.C.E. 
_ Wir1a4m Royts, B.Sc. (Manchester). 
Davip Epwarp SHARPLEY. 


Davin Matcoitm Bam, Stud. I.C.E. 

_ Donatp Wriu1aMm Brin, Stud. I.C.E. 
_ FreEperick Grorce Davis. 

24 Rosert Frank Daviss, B.Sc. (Wit- 
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RiowarD SHEarcrort, B.Sc. (Hdin.). 

RaymonpD Dup.ey SHEFFIELD, 

DEREK Joun Sxrnner, B.Sc. (Eng.) 
(Lond.), Stud. I.C.E. 

Norman Joun Smrru, B.A. (Ozon.), 
Stud. J.C.E. 

Francis James Sneppon, B.Sc. (Glas.), 
Stud. I.C.E. 

GrorrrEY Watton Taytor, 
(Cantab.), Stud. I.C.E. 

Nicnonas Traynor, B.Sc. Tech. (Man- 
chester), Stud. I.C.E. 

RicHarp Wi1114Ms, B.Sc. (Eng.)(Lond.), 
Stud. I.C.E, 

CHRISTOPHER JosEPH WiisHERe, B.A., 
B.A.I. (Dublin), Stud. I.C.E. 


M.A. 


Abroad 


Cotry McDonatp Matueson. 

Tuomas Derrick Mier, B.Sc. (Dur- 
ham). 

RonaLp Foster Prae, M.A. (Cantab.). 

ArTHUR LawRENCE Henry Povtton, 


re watersrand) : 

r B.Eng. (Liverpool), Stud. I.C.E. 

_ Joun Gmstatn Hoop, B.Sc. (Cape  Kexyern ALISTER STRUAN ROBERTSON. 

Town). Gorpon Rosin Sranproox, Stud. 

CarLeton Macxkry Lipscomse. LCE. 
JamEs MoTacaart. Ian Tuomas SToneE. 

_ Wrum Grsson Manarry, B.Sc. GorpDON WALLWoRK, B.Sc. (Eng.) 

o (Edin.). (Lond.). 

_ 21st Ocroser, 1952 

* Home 


- Cuaries Kwamina Annan, B.Sc. (Eng.) 
Lond . 


Dennis ARTHUR JAMES BALLINGER, 
B.Eng. (Liverpool). 

James PreteR Maciean Bett, B.Sc. 
(Glas.). 


_ PretrR JAMES Botrnasroxke, B.A., . 
| B.A.I. (Dubl.), Stud. I.C.E. 
 Wruam Epwin Cuapman (Stud. 
a L.C.L.). 


_ Rotanp Crosstzy, B.Sc. Tech. (Man- 

| cheater), Stud. LCE. 

_ Frank Norgis Davinson, B.Sc. (Aber- 

| deen). 

_ ArrHur CHARLES EDRICH. 
Percy James Gapp, B.Sc. 

__(Lond.), Stud. I.C.E. 

NeEvILLE Hawken. 

_ Russett Taytor Haworrs. 

_Joun Francis Grorrrry HEnsuaw, 
Stud. 1.C.E., 

_Kennets Henry Hi. 


(Eng.) 


FREDERICK Derek Hosss, Stud. I.C.E. 

Norman Hopxins, B.Sc. (Wales). 

James WILLIAM JAOKSON, B.A. (Ozon.), 
Stud. 1.C.E, 

Karnnetu Evan ORAM JAMIESON. 

Jack Kay, M.A. (Cantab.). 

Witi1am Kewiy, B.Sc. (Glas.), Stud. 
I.C.E. 

ALAN LicHTBOWN, B.Sc. (Manchester), 
Stud. I.C.E. 

Dennis FREDERIOK Moye, B.Sc. (Eng.) 
(Lond.), Stud. I.C.E. 


AUBREY HERBERT PrENamLy, B.Sc. 
(Eng.) (Lond.). 

JAMES Dovuctas RicHaRDSON, B.Sc. 
(Eng.) (Zond.). 


Wiiu1am Henry Roster. 

James Rowzotuam, B.Sc. Tech. (Man- 
chester). : 

ALFRED Epwin SapueEr, M.Sc. (Birming- 


ham). 
Barry CHARLES WILTON SANGER. 
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Davip Henry Simm, B.Sc. (Eng.) OttvER TUNNELL, B.Sc. (Eng.) (Lond.). 


(Lond.), Stud, I.C.E. Wituiam Turner, B.Sc. (#din.). ; 
Russert Maoner Stevenson, B.Sc. JouN RonaLp WriiaMs, B.Sc. (Wales). 
(Glas.). Kenneth Murrett Wricut, B.Sc. 

Roy Taytor, B.Sc. (Manchester). (Eng.) (Lond.), Stud. I.0.E. 


Davin Joun Tuoxker, Stud. I.C.E. 


DEATHS 


It is with deep regret that intimation of the following deaths has 
been received. 


Members 


Percy WALTER BeErRtTLIN (E. 1897, T. 1926). 

Harry Cunnincuam (E. 1903, T. 1920). 

Gavin Heynzs Jack (E. 1916). 

Professor FREDERICK CHaRLes Lea, O.B.E., D.Sc. (E. 1901, T. 1918). 
ARNOLD Morris, 0.B.E. (E. 1915, T. 1935). 

ERNEST PREBBLE (E. 1893, T. 1913). 

James Scoartett Ascrorr WALKER (E. 1913, T. 1947). 


Associate Members 


WILFRED JOHN Benson, B.Sc. (E. 1936). 
CHARLES ALEXANDER CHAMBERLIN (E. 1912). 
Davip CamERon Rosertson (E. 1907). 
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Paper No. 5843 


‘¢ The Driving and Testing of Piles ”’ 


by 
Horace Denton Morgan, M.Sc. (Eng.), and 
Charles Kenneth Haswell, B.Sc. (Eng.), MM.I.C.E. 


(Ordered by the Council to be published with written discussion) + 


SYNOPSIS 


$ The Paper describes the methods of driving and loading of test piles to determine 
_ their safe working loads. A number of tests are described in detail relating to several 
sites in Great Britain. Heavy structures such as steam generating stations and a 
factory were involved. Such structures are frequently situated near rivers and on 
alluvial ground and call for piled supports, especially since at the present time very 
heavy loads have to be carried while the allowable settlement is small. Pertinent 
questions are discussed, such as the value of pile-driving formulae and the use of jetting. 
_ A description is given of a series of tests carried out at Abadan in Iran during ~ 
~ a period of about 5 years. These tests included single and group-loading pile tests and 
uplift tests carried out in connexion with a catalytic cracking plant. In this case the 
_ whole piled area settled during construction without the application of any load, and 
certain of the major piled structures were subjected to pre-loading to accelerate this 
settlement to the point of stability. The object of this was to commission the plant 
at the earliest possible moment. 

The Paper is accompanied by photographs, tabulated results, and graphs to 
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- illustrate the methods employed in making and interpreting the tests. 
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Tue object of this Paper is to discuss the driving and testing of piles 
‘in order to discover their positive or bearing load at a given site. At the 
“same time it is proposed to record some results which have been obtained, 
nd also to describe the methods used to overcome difficulties encountered 
in driving piles at certain sites, especially in cases where some particular 
Soccblem arose. 

#. The situation of the kind of structure which requires a heavy foundation 
is usually dictated by considerations of geography. They are frequently 
placed near some river in alluvial ground. For this reason the use of piled 
riindations is common, the piles being used purely in friction or at other 
ati mes to transfer the load down to some harder stratum underlying a weak 
upper layer. | 


INTRODUCTION 


uf it: Correspondence on this Paper should be received at the Institution by the Ist 
4 fay, 1953, and will be published in Part I of the Proceedings. Contributions 
“should be limited to about 1,200 words.—Suc. I.C.E. 
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The magnitude of concentrated loads which have to be dealt with — 
appears to have increased during the last 20 years. In the case of steam 
generating stations, to give one example, stanchion loads of 1,000 tons — 
and more have become commonplace. One of the major reasons for this 
is the great increase in size of the boilers. For these and other reasons — 
the Authors believe that a fairly exact knowledge of the bearing capacity 
of a pile is more critical than it used to be. The difficulty is to know how 
to arrive at it. . 
A great many formulae exist which are claimed to predict the bearing 
capacity of a pile. They are almost all empirical or nearly so, and few 
have any basis of-rational analysis. Possibly the more reliable form . 
are the type that are based upon energy considerations and use data gained 
during driving. Even when successful these formulae can only indicate 
the driving resistance which is often a very different thing from the ulti- _ 
mate bearing capacity of the pile. They depend upon the equation of 
the kinetic energy of the hammer to the work done in giving the pile a set 
which can be measured. Unfortunately a number of factors which can 
be known only approximately intervene in this equation. In the first 
place the kinetic energy of the hammer is not transmitted entirely to the 
pile, and the proportion of energy transmitted depends upon a number of 
practical considerations such as the nature of the helmet and the type and 
condition of the material with which it is packed. It is obvious that a 
new grummet placed in a helmet will transmit less energy when it is new 
than after it has been hammered flat. Evenif the exact amount of energy - 
transmitted to a pile were known, there would remain the question of how 
much of it would be usefully employed in driving the pile. A proportion— 
sometimes a major proportion of this energy—is certainly used in tempor-_ 
arily compressing the pile and the ground, as well as in overcoming the 
inertia of the pile, which may be considerable. It is in connexion with 
the latter factor that the relative weight of the hammer and the pile is of 
importance. Methods exist for determining the temporary compression 
of the pile and the ground, but even when these are known in relation to 
the set it is not possible to determine exactly the distribution of energy 
between the two effects. For these and other reasons the Authors consider 
that most piling formulae are unreliable and believe that most engineers 
would share this view. The number of formulae is continually being 
augmented, but the Authors believe that it may fairly be said that none 


has yet been demonstrated to be exact in its results. Indeed, it is probable 
that none ever will be. Me 
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_ pressure which it can support, and to indicate the amount of penetration 
into the hard stratum which will be required. For instances such as these, 
soil mechanics methods are of value. The second case arises when the 
“pile i is supported purely by friction and the measurement of the internal 
_ shear strength of the ground can in principle be used to arrive at an esti- 
“mate of the bearing capacity of the pile. In doing this it is usual to assume 
_that the friction between the pile and the ground is equal to the internal 
shear strength of the ground, but there is no particular reason why it should 
be so. In one case known to the Authors, which will be referred to later, 
_the shear resistance between the pile and the ground appeared to be 
' greater than the internal strength of the ground. This was indicated by 

- the fact that a withdrawn pile was seen to be covered with a layer of soil.. 

3 In practice it is a common experience that the measured shear strength 

- of the ground varies from level to level throughout the depths of the bore, 

sometimes fluctuating between remarkably wide limits. In such circum- 

_ stances it is logical to suppose that the total shear force between the pile 

-and the ground cannot be arrived at except by a somewhat tedious 

- process of arithmetical summation. It is doubtful whether such a process 

is of great practical value, and the Authors believe that the most effective 

way of performing the integration is to do so mechanically by driving a 

pile and then testing it. 

; The timing of the test piling is most important. The Author’s view is 

_ that it is very desirable to carry out this work during the preliminary stages 

ys of any scheme, before letting a contract for the main works. 

_ ‘There are three main advantages to be gained from this procedure. 

_ First of all, any difficulties in driving are brought to light at an early stage ; 

if jetting is to be employed various experiments can be made on the type 

of jet to be used and so on. Secondly, if the information obtained is 
made available to contractors tendering for the major work, they are able 

_ to estimate the actual cost of pile driving with greater confidence. Thirdly, 

3 much time is saved in making a start on the permanent works. 

C3 Unfortunately, i in some cases it is not easy for money to be made avail- 
able for this preliminary test piling work prior to the letting of the main 
contract. 

The first step to be taken at a site is to carry out a soil survey by means 
of boreholes in order to ascertain the general nature and type of strata. 

The information so obtained will usually indicate whether the foundation 

zg: ls likely to require piling or not. It will also allow a preliminary estimate 

be made of the length and type of pile which will be required, and 
be these piles will be used purely in friction or simply to transmit the 
load down to some harder stratum. The driving and loading of test piles 
will then allow a closer assessment to be made, depending upon the amount 
of settlement which can be tolerated. It will be remembered in this 

‘connexion that a general overall settlement is not of so much consequence 

as a iecenne settlement between one point and another. The test piles 


Per 
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campaign to be formulated for the major works, which may involve the 

driving of many thousands of piles. The data obtained during the 
driving of the test piles is of great value later on when it can be used as & 
check in the driving of the permanent piles, and any general variation in 
the ground can readily be detected. During the progress of the main 
works it is usually desirable to test piles occasionally as a further check. 


Meruops or Drivine PILEs 


In general, the process of driving test piles is similar to that of driving 
in quantity, except thatgreater care should be observed and the opportunity 
taken to make a continuous record of the various characteristics displayed 
by the pile during driving. It may be added that it is advisable to start _ 
driving at the beginning of the day to ensure that a test pile is completely 
driven in one operation. . 

For test piles it is the practice of the Authors to specify the use either 
of a drop-hammer or a single-acting steam-hammer. Steam hammers of the 
double-acting type are less useful for this purpose, and in any event are 
unsuitable for driving large piles. When using a drop-hammer actuated by 
a winch it is necessary for the hammer when falling to overhaul the winch 
drum and, consequently, some of the potential energy of the hammer is 
lost, the amount lost being rather uncertain. It is quite easy for the winch — 
driver to hold the hammer on the bond and considerably diminish the 
effectiveness of the blow. For this reason the Authors provide for the use 
of a trigger release mechanism such as is illustrated in Fig. 1,* and specify 
that, at intervals during the driving of the test pile, a certain number of — 
blows must be struck with the use of a trigger release and a free-falling 
hammer. It is usual to mark off the pile in feet and to record the number of — 
blows required for each foot of penetration using a constant drop of the’ 


regular intervals. By the use of this method the pile can be driven fairly — 
rapidly, but at the same time an exact check is made at intervals during 
the driving. A free-falling hammer is invariably used while the pile is 
taking its final set. The results of the driving may be recorded in the 
manner shown in Appendix IT, Table 2. : 4 
A most commonly used method of observing the set of the pile is te 
arrange a smooth and heavy bar close to the pile, but not in contact with 
it, the bar being supported in such a way as to be independent of the move- 
ment of the pile or the ground. In the early stages of driving it is sufficient 
to use the bar as a ruler, and to mark the pile with a piece of chalk. If 
greater accuracy is required a sheet of paper may be fixed to the side of 
the pile and a pencil may be used. This method is also convenient for 


* Figs 1 to 6, 8 to 11, 19 to 21, 23, and 24 are half. ad 
between pp. 64 and 65. , and 24 are half-tones and will be found 
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~ recording the temporary compression of the pile and the ground. In order 
_ to do this a line is drawn from side to side across the paper during the period 
of impact of the hammer, as is shown in Fig: 2, and the resulting diagram 
4 indicates not only the temporary compression but also the permanent set. 
Occasionally, it may happen that whilst there are sound technical 
_Teasons for wishing to obtain a certain penetration, difficulties may occur 
_in driving which make the progress too slow and result in risk of damage 
- to the pile. In such circumstances the use of water jetting may be resorted 
to, the jet or jets being applied to the toe of the pile and water fed through 
_ a pipe or pipes attached to it at intervals throughout its length or, alter- 
> natively, through a pipe cast in the pile. When the former method is 
~ used on the main contract the pipe may be arranged so that it can be un- 
2 screwed and withdrawn from above, only the jet or jets being lost. 
; There are two ways of using water jets. In the early stages of driving, 
~ and indeed sometimes throughout this process, the pile may be lifted and 
_ lowered with the water jets running and the pile surged down almost to 
its final position. It is sometimes convenient, however, to use the 
_ hammer while jetting. The last few feet of penetration are invariably 
_ obtained without the use of water jets and with the hammer alone. 
The Authors would like to emphasize strongly the importance of using 
a monkey of sufficient weight. Analytical methods and practice both 
Bendicate that it is essential that the hammer should have a weight which 
_is significant compared with that of the pile, otherwise the greater part of 
iy B the blow is lost in the temporary compression of the pile and the ground. 
A slow heavy blow from a large hammer is very much more effective than 
a large number of blows of little weight from a small hammer. The small 
hammer simply spalls the pile and tends to damage the head much more 
| _tapidly. Unfortunately, there is considerable prejudice to be overcome 
n this respect and contractors frequently show reluctance to use a heavy 
a reluctance which is often traceable to the fact that the winches 
and pile frames are not equal to their task. The Authors do not wish to © 
mply that suitable heavy pile-driving equipment is not available in Great 
Britain, but it does sometimes happen that a contractor does not possess 
it, or at any rate does not have a sufficient number of frames of the type 
quired. The Authors can remember a number of occasions when the 
Beagestca use of a heavier hammer has been adopted with successful results. 
4 It is often economic to drive isolated piles by means of false leaders, 
thereby dispensing with the use of the normal type of pile-driving frame. 
lustrations of this method are shown on Figs 3 and 4. It should be 
emphasized that false leaders should not be employed for test piles, and 
en for permanent piles the work should be very carefully supervised. 


ke Meruops or AppLyine Test Loaps 


vata. general there are three main ways in which the test load ‘may be 
hed to the pile. The relative merits of these methods are discussed 
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below, but it frequently happens that the economics of the test decide 
which method is to be used. The amount of money allocated for test — 
piling, the space available, and the supply of suitable materials all have 
to be considered, and in cases of isolated sites, the question of the avail- 
ability of plant and materials may constitute a problem. 
The methods of applying the loads to single test-piles may be classified 
as follows :— 


(1) By means of a jack using other piles as anchors or some alter- 
native method of dealing with the upward thrust. 

(2) By applying the load directly on top of the pile. 

(3) By jacking against a platform carrying kentledge greater than the _ 
total load. 


If suitable piles or other means of taking the thrust are available, the — 
use of a jack is usually the most economical way in which a loading test _ 
can be undertaken, but constant attention must be given to the jack 
throughout the test. An illustration of such a test is shown in Fig. 5. 
Using this method a typical pile may readily be selected for a check test, — 
wherever it is felt desirable on a piled site, as the constructional work 
proceeds. . 

Given the facilities, the second method is the best, and in this case it 
is advantageous for the loading platform to be designed so as not to trans- 
mit a bending moment to the head of the pile. For a simple loading 
platform, such as is shown in Fig. 6 it is obvious that at all times the load 
must be added in such a way as to maintain the centre of gravity of the 
whole load close to the axis of the pile. Sometimes, according to the nature 
of the kentledge, the centre of gravity of the desired load may become ~ 
somewhat high, and it is necessary to take steps to limit the movement of 
the load in all directions. One method of doing this is to provide corner 
supports between the platform and the ground, folding wedges being used 

so as to give the platform the degree of freedom desired. This practice 
can be inconvenient at times when it is desired to leave a pile unattended 
during the night. The use of a simple platform is most inconvenient 
when a pile is approaching its ultimate bearing capacity. At this point 
there may be a sudden increase in settlement, which may be accompanied 
by a sideways movement of the head, and if the test load has a high centre 
of gravity it may be that it will take charge and break the head of the pile, 
or alternatively, if the movement is checked by ground supports, the pile 
is relieved of load and useful information may be lost. The method of 
applying a luad direct to a pile which the Authors prefer is to use a platform 
having an extension in two directions at right angles. This enables the 
centre of gravity of the load to be kept within the quadrant formed by 
the two extensions. Hydraulic jacks with pressure gauges are placed under 
the free ends of the two arms and allow the reactions at these two points 
to be read at any time. The total reaction on the pile is then the weight 
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“of the kentledge minus the two reactions on the jacks, which should be 
ee eoxtnately equal. This method has much to recommend it; the load 
is at all times under control and the reaction on the pile is known within 
~ quite sufficient limits of accuracy. Figs 7, Plate 1, and Fi ug. 8 show 
details of such a platform and its use on site. A variation to this method 
“is to insert a jack between the platform and the pile head, merely as an 
instrument to record the test load, which is applied gradually. In this 
_ case, no jacks are needed under the outriggers. Figs 9 and 10 (between 
% pp. 64 and 65) show such a test in progress. 
Lastly, jacking against the full load is a method often used, but it suffers 

- from two main disadvantages. It does not make full use of the kentledge 
"available when more than one test pile is to be loaded, and it requires 
constant attention on the jack. 
For all these tests the load should be applied in equal increments. 


AAS 


METHODS oF MEASURING THE SETTLEMENT 


Z Tt has been realized for some time that the use of a Dumpy level to 
measure settlement of piles does not in general give results to the desired 
ii "accuracy. Under ideal conditions, however, it is possible to use a Dumpy 
_ level and to obtain satisfactory results by applying a suitable scale to the 
Bside of the pile, but in order to obtain these results the instrument ought 
not to be moved throughout the period of the test, and this is often incon- 
7; venient. It is also obviously possible for the instrument to be disturbed 
_ slightly without the knowledge of the operator, unless constant vigilance 
is maintained, and this is not always practicable in the case of a test that 
- may last for several days. 
= It is now usual to measure the settlement by more direct means. One 
_ method is to use a horizontal bar fixed to stakes driven into the ground, as 
shown in Fig. 11. With reasonable care an accurate spirit-level astride the 
bar can give readings on graph paper fixed to the pile to an accuracy of 
+ 0-02 inch. The stakes should be clear of any possible disturbance by 
the pile in its downward movement under load. It may be added that 
“reading direct from a bar situated under the kentledge can be hazardous 
in cases where no proper stabilized platform is available. , 
_ Another method of direct observation often employed nowadays is the — 
“use of a micrometer dial gauge. These gauges can be obtained to almost 
2 ny desired degree of accuracy, and can be read with ease, if necessary 
: by means of a telescope outside the area of the test frame. The use of a 
dial gauge is perhaps the most common method employed nowadays as 
well as the most satisfactory. 
_ On some of the tests at Abadan a modified clockwork recording baro- 
graph was used to measure the settlement, with the advantage that it 


ave a continuous record of any movement of the pile. 
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Fig. 12 (b) 


DETAILS oF TEst PILE 


4 Size: 14 inches square, reinforced concrete, 50 feet long. 
Reference number of pile from pile plane: T.P.3 
_ Serial number of pile: 3. Nearest borehole; No. 12. 


Date driven: 20 February 1948. Date loaded: 1 March 1948, 

Driving characteristics—Final penetration: 48 feet below ground level. 
Final set: 213 blows per foot, using 4-ton steam-hammer with a 
fall of 3 feet. Weight of pile: 4:55 tons. Weight of helmet and 
dolly : 0-42 ton. Type of packing: timber and sawdust. 

Condition after driving : plumb. 

Type of kentledge :_ 10-cwt cast-iron blocks. 

Note :—Settlement measured by means of a dial gauge, reading to 0-001 

inch. 
_ Weight of loading frame (3-4 tons) included in test loads shown. 
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SINGLE PILE Trsts 


ql A representative selection of examples has been included to illustrate 

_ the driving and test loading of some single piles on several different 
P sites. In Figs 12 and 13, and in Figs 16, 17, and 18, Plate 2, the results 
_ are shown in a form which, it is suggested, gives the relevant informa- 
_ tion in a convenient manner. It should be noted that an effort has 
_ been made to achieve the ideal of a uniform rate of increase or decrease of 
load. 


‘ch 


_ Keadby Power Station 
The steam generating station at Keadby on the River Trent is 
_ about 9 miles above the river mouth, in the County of Lincolnshire. 
_ The site is on a flat alluvial plain and the strata consist of silts, sands, 
- and some peat to a depth of about 40 feet. These overlie the Keuper 
~ mari. 
_ __ On this site four 16-inch-square precast reinforced-concrete test piles 
_ were driven and loaded. Figs 12 and 13 illustrate the results obtained 
_ from two of these piles. Three of the four piles were 50 feet in length and 
_ the fourth was only 35 feet in length, the object being to check the 
_ behaviour of a shorter pile which did not penetrate to the marl. As will 
_ be seen, the shorter pile failed and all subsequent piles were driven into the 
© marl. 
The driving of the test piles was not easy, and later when driving in 
_ quantity the work became extremely difficult and piles were driven at far 
too slow a rate to achieve reasonable progress and cost. The contractor 
_ experimented with various forms of jetting both with air and with water. 
_ The method finally adopted was to jet with water throughout until the mar] 
was reached and to avoid percussion driving. At two points the piles were 
stopped by strata of clay. They were then lifted and lowered a few times 
‘ _ through a distance of 3 to 4 feet until the clay band had been penetrated. 
_ The piles continued still without the hammer until the marl was en- 
countered. The piles were then driven into the marl some 4 or 5 feet in 
_ the normal manner by using the hammer. The average time for the whole 
_ operation was about 20 minutes per pile and in this manner more 
_ than 7,000 piles were dealt with. The quantity of water delivered to each 
i pile varied between 100 and 200 gallons per minute at a pressure of 300 
to 400 Ib. per square inch. The water was conveyed down the pile by 
Bnenna of a 2-inch-internal-diameter tube clipped to the side of the pile 
and reducing at the toe to a 3-foot length of 1}-inch-diameter pipe with 
_ a 1}-inch-diameter nozzle piece. The 2-inch- Saniets ‘Pipe was recovered 
Batter jetting of the pile was completed. 
Some of the working piles were selected from time to time for a check 
of their bearing by loading with a jack. 
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Fig. 13 (a) 
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Fig. 13 (b) 


Deralits or Test PILE 


Size: 16 inches square, reinforced concrete, 35 feet long. 


Reference number of pile from plan: T.P.4 


Serial number of pile: 4. Nearest boreholes; Nos 11 and 13. 


Date driven: 5 March, 1948. Date loaded: 13 March, 1948, and 9” 
April, 1948. 


_ Driving characteristics :—Final penetration : 32 feet below ground level. 


Final set : 156 blows per foot, using 4-ton hammer with a fall of 3 
feet. Weight of pile: 4-76 tons. Weight of helmet and dolly: 
0-42 ton. Type of packing: sawdust and timber. Packing and 
dolly in loose condition at end of driving. 


_ Type of kentledge : 10-ewt cast-iron blocks. 
_ Note :—Load on pile of 3-3 tons, caused by dead weight of loading plat- 


form, included in test loads shown. 
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Doncaster Power Station 

The Doncaster power-station site lies at Crimpsall, an island on the 
north-west side of Doncaster. The trial borings showed three distinct 
Aypes of stratum: a top layer of silty clay, a middle layer of ballast, and 
‘@ lower layer of red marl and sandstone. The average depth of each of 
the two top layers was about 20 feet. None of these strata is uniform 
mm texture, and all contain water-bearing sand veins at random. In 
particular, the marl is traversed by irregular veins in both horizontal and 
vertical directions ; the bedding of this mar! is horizontal. 

_ Four 15-inch-square precast reinforced-concrete piles were driven on 
this site, to a penetration of about 47 feet. One of these, at a point where 
‘a basin was shown by the borings to exist, was extended and redriven to 
71 feet of penetration. No unduly hard driving was experienced with 
‘the test piles, as may be seen from the details given in Figs 16, Plate 2. 

2 When piles for the main foundations were driven, conditions rapidly 
‘became harder, especially when penetrating the top third of the ballast 
layer. The time of driving was greatly reduced by the use of larger 
hammers, but the Authors feel that this was a case where jetting would 
have been advantageous, particularly since the ballast beds contained 
much sand. However, no jetting was done because the contractor elected 
to carry out all the pile driving with normal percussion methods. About 
: 200 piles, each 50 feet long, have been driven on this site. 

The nature of the plant to be supported on these piled foundations is 

Bh that no appreciable settlement could be tolerated once the plant is 
installed. The pile loading tests showed somewhat greater settlement 
than might have been expected. When driving piles in quantity the driv- 
ing became easier after the top of the ballast had been penetrated. Hence, 
although the driving of the piles became difficult, it seemed essential to 
insist that the piles be driven into the marl rather than allow these to stop 
at a high level—as had been hoped possible in the initial stages of the 
scheme. 
_ This case illustrates the remarks already made on the subject of the 
desirable weight for a hammer. At the suggestion of the Authors, the 
driving difficulties were largely overcome by the use of a single- acting 
— hammer weighing about 4 tons. 


Portishead “ B” Power Station 
s/ The tests to be described were carried out in connexion with the con- 
struction of the Portishead “ B” steam power-station, the site of which 
lies on the north-west side of the existing Portishead Dock in Somerset. 
Between the site and the waters of the Severn estuary immediately to 
he north, some high ground rising to over 100 feet above sea level ter- 
ninates in low rocky cliffs which generally follow the coastline. Broadly 
aking, the surface stratum is of ashes with replaced Keuper marl, the 
peri in all ene having originally been taken from the excavations 
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for the existing dock. Below this made ground there are recent alluvial, 
deposits overlying Keuper marl and triassic and old red sandstones, 

Six 16-inch-square precast reinforced-concrete piles were driven 
test-loaded together with two 12-inch-square solid prestressed conere 
piles. All these piles were 50 feet in length. The prestressed piles we 
driven close to the normal piles so as to study the difference in behavio 
under load for similar conditions. Figs 17 and 18, Plate 2, give the results 
of a typical pair from which it will be seen that, not unexpectedly, the 
penetration of the prestressed pile was smaller than the precast pile by 
about 2 feet. The total settlement under load was more than for the 
normal pile. ,| 

Little comment is necessary on the driving of the test piles, which was 
easy until the firmer stratum was reached at an average penetration of 
30 feet. 


Newport Alumina Factory 
During the interval between the two world wars, a factory for producing 
alumina was constructed at Newport in Monmouthshire. The main 
columns together with certain of the heavier types of plant were founded on 
piles, but plain foundations were used for a number of large steel tanks 
Some settlement of no consequence was expected and did, in fact, tal 
place in the case of some of the tanks, but it was believed that thi 
would occur only to a tolerable degree. However, these tanks contained 
caustic liquid and this fact gave rise to anxiety and entailed constant 
vigilance with regard to pipe connexions. It was, therefore, thought 
desirable to pile the foundations of these few tanks and this work w. 
consequently put in hand. Owing to the existence of other plant in the 
vicinity it was not possible to move the tanks horizontally and they had 
to be lifted up about 10 feet before any work could be carried out. Th 
tanks were situated inside a building and the headroom available was 
thus reduced and a bored type of pile was selected. 
The ground consisted of about 40 feet of silt below the surface and over 
lying the Keuper marl. It was known that caustic soda existed in th 
groundwater because of leakage from the tanks, and concrete test cubes 
were made with samples of the groundwater; these cubes proved to b 
sound with a satisfactory strength. 
The initial work of lifting one of the tanks was carried out without 
incident and the existing foundation was broken up. The first pile casing 
was then sunk in the normal manner and concreting was begun. However 
with about two-thirds of the pile concreted it was found impossible to with 
draw the tubes. A sample of the groundwater was therefore analyse 
and found to contain alkalinity equivalent to a 4-per-cent solution o 
sodium hydroxide, but mostly present as sodium aluminate and sodium 
carbonate ; these last two compounds are intense accelerators of 
setting of concrete, and also interfere seriously with the process of harden: 
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ing. This meant that the concrete at the lower end of the borehole had 
probably taken its initial set very quickly but had not hardened. This 
would not allow the tubes to be withdrawn without taking with them 
the concrete itself. The trouble was overcome by repeatedly flushing 
with clean water before concreting, using an airlock which was also em- 
ployed during the concreting operation in order to exclude the ground- 
water. The casing was flushed by filling with water and then using 
compressed air to drive it out into the ground. 

Jack loading tests were carried out on certain of the finished piles and 
Fig. 19 shows one of these tests being made. The pile being tested is on 
the extreme left of the photograph underneath the jack. Two 18-inch- 
by-16-inch rolled steel joists acted as the lever arm, with two piles acting 
as anchors in the centre, and two further piles on the right of the picture 
‘taking the downward thrust. In order to reduce the uplift on the central 
piles the concrete yoke between them is loaded with a certain amount of 
kentledge. 
Es ABADAN SERIES OF TESTS 


The following description is of work carried out on Abadan Island which 
extended over a period of about 5 years. The tests began after the Anglo- 
Tranian Oil Company had commissioned Messrs Foster Wheeler of London 
‘and New York to construct for them a new catalytic cracking unit. So 
far as the Authors are aware, bearing piles had been little used on the islands, 
but it was known that relatively large loaded areas, involving a unit pres- 
‘sure of more than about 7 cwt per square foot, could not be carried on raft 
foundations without appreciable settlement. Furthermore, the manu- 
facturer of the plant had made it clear that parts of the new unit could 
tolerate little, if any, settlement of the foundations. For this reason they 
favoured the use of piles and the Authors’ firm was asked to make an 
investigation of the site and recommend a safe working load for piles. In 
‘earrying out this work a great deal of valuable information relating to the 
soil conditions was supplied by Messrs Rendel, Palmer & Tritton, consult- 
‘ing engineers to the Anglo-Iranian Oil Company. 

The record may conveniently be divided into two distinct parts. The 
first, or Stage 1, relates to the driving and loading of test piles on two 
selected sites; all the piles described in these tests were friction piles. 
The second part, called Stage 2, began when general settlement of a major 
order was reported. At that time, part of the foundations had been 
constructed and all the piles had been driven. The settlement continued 
over a period of 17 months. During constructional work pre-loading was 
carried out on the larger foundations with the object of accelerating the 
‘settlement so that the plant could be installed and put on load at an earlier 
date, kentledge being removed as erection proceeded. AD 
It is understood that the plant has operated satisfactorily without any 
ouble arising in connexion with the foundations. a 
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Stage 1.—Two sites were investigated on Abadan Island, situated about 
} mile apart, and on the north side of the Anglo-Iranian Oil Compan; 
refinery. The two sites are referred to as site No. 1 and the 8.P.A. site. 

Both areas are practically flat, in common with the whole of the IslandJ 
the ground level of the two sites ranging between 39 and 40 feet abo 
the Abadan datum. The general level of the desert is usually taken at 
39-82 feet above this datum. The groundwater level ranges from 3 feet: 
below ground to surface level and the sites are occasionally flooded. ‘ 

Fig. 14, Plate 1, shows the location of the eight test piles driven on site 
No. 1. These were numbered T.P.G.1 to 4, and T.P.S.5 to 7, the former 
being driven and tested as a group and the latter singly. A further pile, 
T.P.G.5, was driven together with the group for use when carrying out 
uplift tests. Fig. 15, Plate 1, shows the 8.P.A. site where twelve piles 
were driven, numbers D.1 to 4 being driven and tested as a group and the 
remainder, indicated by the letters A, B, C, E, I, J, K, and L, being single 
piles. This was the site eventually chosen for the erection of the new plant 

One of the first difficulties which arose was the question of finding a 
pile frame, since none existed in the locality. Finally a very old pile frame 
was imported, This was a 45-foot frame which was extended so as to be 
capable of driving a pile 55 feet in length, and by making a small excavation 
it was possible to pitch and drive a 60-foot pile. The frame was equip pet 
with an oil-fired vertical-type boiler and steam-operated friction-winch 
a 50-cwt cast-iron drop-hammer was used throughout, ‘and a trigge 
release gear provided so as to give a free drop to the hammer when require¢ 
The heads of the piles were protected during driving by a fabricated milé 
steel helmet, used in conjunction with a hardwood dolly, hessian packin 
being inserted between the helmet and the pile head. . 

The piles were of pre-cast reinforced concrete and were 14 inches squar 
in cross-section ; on site No. 1 they were 50 feet in length except for T.P.S.{ 
which was 60 feet long. At the S.P.A. site the piles forming the gro 
D.1 to 4 were 50 feet in length, the remainder being 60 feet long. In th 
case of the first sixteen piles driven, rapid-hardening portland cement wa 
used, ordinary portland cement being used for the remaining four. 

The piles were in general driven by lifting the hammer by means of th 
steam winch and letting it fall by declutching ; the bond was permanentl; 
attached to the hammer so that the winch drum was overhauled at eac! 
stroke. However, at intervals during the driving the free release trigge 
was used for obtaining a set with an entirely free drop of the hammen 
All final sets were taken in this way so as to have an accurate record of th 
energy of the hammer for estimating the driving resistance by formulae 
Records of the set per blow were made throughout the driving of each pil 
hae with measurement of the temporary compression. (See Table | 

ate 4). 

In order to apply the test load to a single pile, a built-up mild-ster 

cap was fitted to the head, surmounted by two steel plates 10 feet by 5 fee 
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by J inch thick, after which was added the kentledge consisting of packets 
of mild-steel drum plate each weighing nearly 2 tons. 

_ In the case of the pile groups, a mild-steel cap was applied, surmounted 
by a grillage of 30-foot lengths of flat-bottom rails and 6-inch-diameter 
serew-pile bars, additional load being provided by means of packets of 
drum plate. These packets of thin steel plate were the only suitable 
kentledge available and formed the greater part of the load in each case. 
This form of kentledge was not particularly suitable and it had been hoped 
that sufficient pile bars would be available. In the case of the single piles 
it was found difficult to maintain the centre of gravity of the whole load 
‘correctly on the axis of the pile and this contributed towards the failure 
of the head which occurred in two cases. 

_ Settlement of the piles was measured directly from a mild-steel angle 
‘supported by stakes driven into the ground well clear of the pile. Records 
of load and settlement were made and related to the elapsed time from the 
‘commencement of the test. (See Table 1, Plate 4.) 

_ The piles forming the groups showed unequal settlement under load. 
‘The effect of this was aggravated by the high centre of gravity of the kent- 
edge which resulted in unequal distribution of load. Fig. 20 shows a 
‘group of four piles being loaded, and Figs 11 and 21 show one of these 
tests after failure. Results of one of the group-loading tests are given in 
Appendix IT, Table 3. 

_ The piles were loaded at least twice in each case, with varying intervals 
of time between the two tests. In some cases three loadings were made 
and in one case four. 

In order to obtain an accurate measure of the frictional resistance of 
the piles, uplift tests were carried out on pile T.P.G.4 at site No. 1 and 
‘on pile D.4 at the S.P.A. site. In each case this was effected by means 
‘of a 100-ton hydraulic jack, fitted with a pressure gauge, acting through a 
24-inch-by-7}-inch rolled steel joist forming a lever, the mechanical ad- 
‘vantage thus provided being approximately 2. In these tests a con- 
tinuous record was made of the rise of the pile and the force applied. So 
far as possible, the rate of application of load was kept constant. The 
‘results of these tests (see Appendix II, Table 4) indicated an end-bearing 
load of about 10 tons per pile. Fig. 22 shows the plot of some typical 
‘results of the tests, whilst Fig. 23 shows a test in progress. 

An opportunity was provided of examining the soil investigation results 
previously obtained from borings taken over the areas investigated, through 
the courtesy of Messrs Rendel, Palmer & Tritton. These results could not 
teadily be compared with those of the pile tests since the shear strength 
of the ground revealed from the samples taken varied considerably from 
Repth to depth in the same borehole. The most that can be said is that 
the average shear strength appeared to be about 400 lb. per square foot 
nd this figure conformed reasonably well with the observed uplift 
measurements, — cits er lh bofoy ake 
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Eleven of the piles were provided with metal shoes and nine were drive uw 
with the point formed in concrete, the length of the toe from the poin’ 
to the full section of the pile being 18 inches with a 1}-inch chamfer a 
the arris. At the No. 1 site an attempt was made to withdraw one of 
these piles by means of a mast derrick and a five-sheave-block tackle, th 
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fall being taken to a mechanical navvy and pulled away by traversing the 
latter. It-was not found possible to do this sufficiently smoothly, witl 
the result that the attempt failed owing to the reinforcing bars being 
pulled out and the top of the pile broken. ata 

At the 8.P.A. site, pile D.1 was successfully extracted by jacks. Thi 
object of this extraction was to see whether any damage had been done te 
the toe of the pile during driving and, in fact, none was found; this savec 
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a small amount of money in the case of the piles driven later. It is interest- 
ing to note that a skin of soil approximately 1 inch thick remained on the 
pile after extraction (see Fig. 24). 

_ The results of the loading tests were found to be generally consistent, 
although there was some variation in behaviour between individual piles. 
In Table 1, Plate 4, a complete summary is given of the information 
obtained during driving and test loading. Appendix II, Table 5, gives a 
typical loading sheet. 

Two points of interest are worth noting: first, the driving resistance 
as calculated from formulae, compared with the actual failure load 
obtained ; secondly, the failure load of the four-pile groups amounted to 
Bpproximately four times the failure load of a single pile. 

_ Following these results a recommendation was given that a load of 
20 tons per pile might be adopted for groups of piles, provided that they 
were driven at centres of not less than 4 feet by 4 feet or 5 feet by 3 feet, 
but a reservation was given that this applied to groups of up to sixteen 
piles. The size of pile given was 14 inches square by 60 feet long and the 
allowable load was exclusive of the weight of the pile itself. 

__ Stage 2.—The second stage of the project began about 2 years later, 
when the foundations had been designed and partly constructed, and some 
unexpected settlement was reported. During this intervening period 
the design of the catalytic cracking plant had been completed, and the 
construction of the foundations for this plant also was well advanced. 
These foundations were situated on the S.P.A. site where all the 1,074 
piles for the foundations had been driven. These piles were all of reinforced 
concrete, 15 inches square and 60 feet long. 

Figs 25, Plate 3, show the area of the catalytic cracking plant as well 

as the location of the various points which had been established for the 
purpose of recording settlement. The shaded areas indicate where the 
pile caps had already been cast. The positions of pits for recording water 
level in the trial boreholes, the single pile subject to jack loading tests, 
and other relevant data are also shown in Figs 25. The position of a 
large pump-house which was being constructed on the south side of the cata- 
lytic cracker area is also shown, because at the time it was suspected that 
the drawing of water and possibly soil from the excavation for this structure 
might have been the cause of the settlement. 
_ In Fig. 26 is shown the progress of the construction of the catalytic 
cracking plant and pump-house foundations together with certain selected 
settlement records. Appendix I gives the results of the jack loading tests 
4 a single pile. 

At this time,the maximum settlement so far recorded had been of the 
Bice of 12 inch and various reasons had been put forward to account 
for the Hoieraed movement of the piled foundations under practically 
no load other than their own weight. 

7 Of the possible causes, two were discounted ; these were seismic action 
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or a general variation in the shear strength of the soil. The causes con-: 
sidered possible were either reconsolidation of the ground following disturb- 
ance due to piling or the above-mentioned effect of consolidation following, 
the removal of soil and/or water during the construction of the pump- 


house. Further, at this time the following facts had been established : 


(1) The chimney foundation, supported by twenty-five piles, had 
not moved. This structure is situated on the north-west side 
of the area. 


Fig. 26 
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(2) Where records existed and within the limits of accuracy of norme 
levelling (+ 4 inch), all other piled foundations appeared tc 
have subsided fairly evenly and by amounts related to the 

all period of observation, = | deceased J ng 

(3) Jack loading tests on a single pile were taken far enough to remove 
doubts as to the shear value of the soil (see Appendix I), 

(4) The invert levels of thirty-nine pipes set in drainage manhole 
around the periphery of the reactor-regenerator foundation 
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were now consistently below the theoretical levels at which 
they should have been set, by an average of 14 inches. These 
manholes ranged in depth from 4 to 12 feet. 

(5) In connexion with the construction of the pump-house it was 
noted that the sheet-piling cofferdam was only 20 feet in depth ; 
there had been inward movement of this piling of up to 2 feet 
2 inches on the north side. There was no clear evidence that 
the quantity of material excavated was not much greater than 
the net measurement. 

(6) The surface-water table did not appear to have been materially 
affected by the work on the pump-house. 

A suggested limit of ground disturbance caused by piling is shown on 
Figs 25, Plate 3, although outside this limit setting-out point No. 102 was 
suspected of having risen very shghtly. 

At the time, the excavation in the pump-house appeared to have some 
connexion with the settlement of the catalytic cracking plant, but since this 
settlement continued over a long period after the pump-house was finished, 
it seemed less likely that any relation between the two structures could be 

_ deduced, but it will be seen from Fig. 26 that the timing of the construction 

of the two structures could readily be linked. Moreover, some local 
disturbance could be expected from the driving of the chimney piles. Thus, 

_ if the reason for the settlement had been reconsolidation following disturb- 

ance caused by piling, some settlement of the chimney foundation might 

_ have been expected, but none was recorded. 

Again, this foundation was furthest away from the pump-house and 
would thus be least affected, if settlement was attributable to the pump- 
house construction. Another point was that, during the period of test 
piling, reconsolidation around piles took 1 to 2 months, whereas subsidence 

still continued 5} months after the last pile was driven for the reactor- 

_ regenerator foundations. 

Settlement took place soon after excavation for the pump-house had 

reached full depth and 24-hour pumping had begun. The surface-water 

table did not appear to have been affected, which might have meant that 
the water reaching the pump-house excavation came primarily from the 
weaker ground known to underlie the stronger stratum existing between 

17 and 23 feet below the surface. Attempts were even made to trace a 
connexion between the two structures by injecting aniline dye at the 
catalytic cracking plant, but without any positive results. 

i Settlement continued steadily and to enable the plant to be completed 
to schedule it was decided to pre-load certain of the major foundations with 
the object of accelerating the stabilizing of the foundations. 

__ The pre-loading was effected by applying 20 per cent more than the 

designed load with packets of drum plate. As construction of the super- 

structure proceeded, the load was kept constant by gradually removing 
the kentledge. 
re 
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Settlement readings were taken daily and plotted against time. From | 
these results weekly averages were deduced and plotted as shown in Figs 
27, which relates to the largest piled raft, comprising 272 piles. From this 
graph it can be seen that the incidence of the pre-load certainly accelerated 
the movement as intended. 

Settlement took place over a period of 17 months and was not limited to 
the piled structures. The whole area subsided and Fig. 28 illustrates 
quantitatively the total settlement recorded. As might be expected the 


Fig. 27 


LOAD ABOVE RAFT: TONS 


0-005 


AVERAGE WEEKLY SETTLEMENT: FOOT 


oF: i alee Se oe 
oc ser. Joct NOvJoEC PAN] ree [HAR] APR[NAYPUN] JUL [auc] ser JocTnov[DEC pan] FEB THAR 
CMideeEE. Behl DriniMce Te ice hee wre 
ee ee. 
AVERAGE WEEKLY SETTLEMENTS (CALCULATED OVER A PERIOD 


OF ONE! CALENDAR MONTH AND PLOTTED MONTHLY) 


Rare or SErrLeMENT OF REGENERATOR Rarr (PrtE Group No. 18), 
No, 1 Caratytic Crackine Unit, ABADAN 


maximum, amounting to 4} inches, occurrred roughly at the centre of the 
heavily piled area. 


The plant itself was successfully brought into operation early in 1951. 1 


Some Points on Design 

Suspension Points 
The maximum bending moments induced when piles were being lifted 
are plotted on Fig. 29 against one, two, three, four, and five points of 
suspension and are given for equal vertical reactions such as are obtained 
approximately in practice by the use of a running rope. It is not ‘cond 
sidered to be advisable to use fixed ropes for anything more than two 
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points of suspension because the true bending moments will be affected 
adversely by any unequal displacement at the points of support. 

It is general practice to use only two points of support but it will be 
seen from the graph that there is a great advantage In using more than 
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two points of suspension, though the relative advantage decreases rapidly 
with more than four points. 


Main Reinforcement 

The longitudinal reinforcement in precast concrete piles has e 
functions to perform. These are to limit the stresses induced first during 
handling and pitching, secondly during driving, and finally in carrying 
the working load. The Authors feel that a great deal of steel has been 
and indeed is still being wasted because insufficient attention is paid to 
these points. In the past, this has probably been attributable to the abund- 
ance of steel in Great Britain and also to the difficulty of rational analysis 
of stresses during driving. This has led to the adoption, as it were, of a 
standard practice based on past usage. | 
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TABLE ].—DATA ON THE DRIVING AND LOADING OF TEST PILES AT ABADAN FOR NEW CATALYTIC CRACKING PLANT 


(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) | (13) | (14) | (15) (16) | (17) (18) | (19) (20) | (21) | (22) | (23) | (24) | (25) |- (26) | (27) | 
Hiley E.N.R. On redrive Ist Loading 2nd Loading Settlement details 
Hiley E.N.R. Failure load: tons Failure load: tons} Ist loading | -2nd loading | 3rd 
Estimated _——— ee ee 
Length | Final driving Estimated 
Site Pile of set : Free | Temp. | Estimated | resistance | Estimated] Time Set : Free | Temp. driving 
Number} pile: inches | drop: |compn:| driving using driving | interval: | inches | drop: |compn: Estimated] resistance | Estimated} Days Days Settle- Settle- 
feet per inches | inches | resistance:| measured | resistance:| hours r | inches | inches | driving using driving after greater | less after greater | less ment: ment: 
blow tons temp. tons blow | resistance:| measured | resistance:| driving than than driving than than Tons | inches Tons | inch i 
compn : tons temp. tons 
tons compn : 
tons 
SS ee Ee eee Se = ns 
TP.G.3| 50 | 0-97 36 = 31-7 = 12-6 
1-17 48 = 34-9 Ss 14-5 
P.T.G.4| 50 | 0-66 36 = 41-8 = 17-2 
0-78 48 —_ 48-0 _ 20-2 15 201-91 =e 44 266-51 , 
TP.G.1| 50 | 1-05 36 = 29-5 = 11-9 r ee 
~- — — — <i — 
 |TPG2| 50 0-75 36 0-20 38-5 38-0 _ 15-6 
—* ae oe ee = J : 
T.PS.7| 50 | 087 36 = 345 = 13-9 42 0:32 | 36 62:5 28-3 13 42-43 | 4997 | 31 49.97 | -51-88'| 19-801 o10 [| — | = 
T.P.S.5| 50 ase et lea = ai : 25-30| 0-15 | 25-08} 0-12 
es 0-70 48 oe 52:2 aA 22:0 46-29 | — 43 44-39 | 48-21 | 19-53| 0-16 | 13-96) 0-04 
: : ; : 9 25-32| 0-22 | 21-52| 0-09 | 25:33 
TPsS.6 60 0:85 ge a ee aie 18 : 16 0:38 36 53-3 24-6 20 63:00 | 66-84 30 55-38 59-22 | 21-211 0-07 foi 
1-12 8 0-4 34. . . = 
ae 28-93) 0-10 28-79) 0-10 
IDL 50 1-17 36 — 27-0 _ 10-9 16:5 0-41 36 55-5 24-2 em 
1-44 48 0-42 30-0 28-0 12-1 196-25 0-09 36 0:25 83-5 96-5 50-0 
D.2 50 0-25* 36 = 64-2* — 32-6 
0-37* 48 0:33 71:3* 71-7* 34-5 39 210-89 | 239-02 as eos | eanee 88-44; 0-09 51-05} 0-03 
D3 50 0-93 36 = 32:8 = 13-1 45:5 0:36 36 59-2 26-4 ‘ 
1-12 48 0:39 36-2 _ 15-0 125-94) 0-16 |107-53) 0:0 
D.4 50 0-81 36 0-39 36:3 33-2 14-7 ‘ 
0-98 48 0-49 40-0 35-7 16:8 
B 60 | 0-81 36 0-51 33-5 28-0 14-4 49 58: : 
0-95 48 | 0-49 | 38-0 33-2 16-9 eee? i 36. ss-e4 | 62-80 | 2141) 000 | 
x = Ve gle ee rs we ce os 13 51-06 | 52-93 28 54-82 | 58-63 | 21-06, 0-17 | 13:56] 0-04 am 
5 6 60 | 0-75 36 0-67 35-4 28-0 15-3 48 0-54 36 43-9 19-5 16 62: : 28-56] 0-23 | 24-81] 0-08 |24 | 
i 0-90 4g | 0:68 | 39-4 32-2 17-7 alee 35 51-08 | — | 21-083} 010 | — | = | 
E 60 | 0-74 36 0:66 | 35:8 28-0 15-5 119 0:25 33 63-0 31-3 30 62a |) eé08 28-65| 0-18 | 24-85] 0:05 
0-91 48 0:63 | 39:3 33-2 178 a = = | 21-01) 0-07 || =e 
: ie Nea = PS ae ey ae . 43-85 | 51-46 18 47-70 | 51-50 3125 a == > ae 
J 60 | 0-47 36 0-42 41-5 41-9 21-4 rl 43. i 28-74] 0-25 | 25-00; 0-06 
0-18 18 | 035 | 440 38:1 18-3 Sr | 51-05 | 22 51-22 | 54.97 | 21-14 0-10 | 24-89 0-08 
= BY 5 3 pe re = ts : 43-71 | 51-26 29 55-26 | 59-05 eign eS i 0-04 
L 60. | 0-79 36 0-60 34-2 28-1 14-7 12 62-58 | 66-39 a 28-89 036 36-30| 0-09 
mate 0-12 — ca 
* Partial redrive 4 
H. D. MORGAN and C. K. HASWELL The Institution of Civil Engineers. Proceedings, Part I, January 1953 


Wiuttam Crowes & Sons, Liat 


DRIVING AND TESTING OF PILES 69 


The operations of handling and pitching piles are all too often carried 
out by using a two-point suspension. Reverting to the graph mentioned 
above (Fig. 29), it will be seen that, by employing a three-point suspension, 
the maximum bending moment becomes less than half that obtained with 
a two-point suspension. Hence, good use may be made of the three-point 
lift where the handling and pitching bending-moments are the main criteria. 

The advantages of the four- and five-point lifts are not generally suffi- 
cient to warrant the use of the more complicated lifting gear except in the 
case of abnormally long piles. 

It should be emphasized that, for design purposes, handling and pitching 
are considered together. For example, the Authors do not consider it 
rational to use a three-point lift from the pile bed and then only a two-point 
lift whilst pitching the pile, although of course, the concrete is more mature 
when pitching for driving than when lifting the pile off the bed. Never- 
theless, this procedure is often used in order to free the pile-casting bed 
earlier. 

The reinforcement necessary for driving is a matter of greater contro- 
versy. It is here that a wise assessment has to be made of the difficulties 
experienced when driving the test piles. No hard and fast rules for design 
can be laid down, but in many cases, for example where piles can be jetted 
successfully, the reinforcement required for driving is of secondary import- 
ance. 

_ The longitudinal reinforcement in a pile for load-bearing purposes is 
rarely a deciding factor. Provision has to be made, of course, for the 
| minimum requirements for the pile acting as a column. 
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APPENDIX IT 


The following Tables relate to pile-driving, loading, and uplift tests carried out on 
the site for the new catalytic cracking plant at Abadan. The piles in each case were 
of reinforced concrete, 14 inches square in cross-section. 


TABLE 2.—PILE-DRIVING RECORD 


(The readings are tabulated on p. 72) 


Details of pile—Serial No. 12. Reference No. on pile plan: T.P.8.6. Weight : 
5-47 tons. Length: 60 feet. Construction: reinforced concrete, using rapid- 
hardening cement. Date cast: 30.10.45. 

Details of driving.—Type of hammer: 50-cwt drop-hammer. Type of packing on 
pile head : 4 inches of hessian. Weight of helmet and dolly : 0-24ton. Condition 
of packing and dolly: good. Nearest borehole: B.4. Date of driving: 21.11.45. 

Ground level above datum : 40-4 feet. Depth of excavation for pitching : 3 feet. 

Penetration from ground level after pitching: 4 feet 9 inches. 


TABLE 3.—RECORD OF LOADING TEST ON PILE GROUP 


(The readings are tabulated on p. 73) 


Details of piles.—Serial Nos 11, 8, 9, 10. Reference Nos on pile plan: Group D, 
_ Nos D.1 to 4. Number and spacing of piles: four at 5-foot centres (square). 
Length: 50 feet. Construction: reinforced concrete, using rapid-hardening 
eement. Dates cast: 25th, 22nd, 23rd, and 23rd October, 1945. Dates driven: 
2nd, 8rd, 5th, and 9th December, 1945. - 


Ground level above datum: 39 feet. Penetration: 47 feet. Nearest borehole: B.4. 


Re 


TABLE 4.—RECORD OF UPLIFT TEST 


(The readings are tabulated on p. 74) 


Details of pile—Serial No. 10. Reference No. on pile plan: D.4. Length: 50 feet. 
_ Construction: reinforced concrete. Date cast: 23.10.45. Date driven: 9.12.45. 
_ Dates loaded: 3/16.1.46 and 17/23.1.45. 

Ground level above datum: 39 feet. Penetration : 47 feet. 

Nearest borehole: B.4. Date of uplift test : 12.2.46. 

2 


ss TABLE 5.—RECORD OF SINGLE-PILE LOADING TEST 


(The readings are tabulated on p. 75) > 


! ils of pile—Serial No. 20. Reference No. on pile plan: K. Length: 60 feet. - 
- Construction: reinforced concrete. Date cast: 20.12.45. Date driven: 28.2.46 — 


ib, 46 

ound level above datum: 39-6 feet. Penetration: 57 feet. Type of kentledge 
_ used for loading: M.S. cap; two M.S. plates, each measuring 10 feet by 5 feet 
> by inch ; packets of M.S. drum plate. 
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TaBLE 2. (See p. 71) 
ro 2 42 S 
3 Drop of 5 8 Drop of 
a Pd hammer : feet | & “Shar Ba hammer : feet | 
peer eas rel e| 2 | 85 
83 |E\|S)e8¢ ga) eB) 2 | ee 
B7 |8\5| 85 Z.1/2| 8 | 8¢ 
ag lu| @|o8 eae $3 Ds ke 
35 \/°5|21 88 wil se|5] 3 [ye | Pes 
3 5 | 4 Be #25 s 3 a: ae ee 
§ 3 a 4 SoEIS a 2156 
2 | als |sé oP Oe] 2 La eiieues 
& |2\a & |2| 2% |a° 
1 36 | 23 
2 37 | 22 
3 38 | 19 
4 39 | 24 
5 40 | 21 0-99) 0-34 
6 7 1-0 41 24 
7 | 10 os 2 | 23 
8 9 * 43 | 23 
O° /sth a 44 | 24 
10 } ll = 45 | 23 0-93) 0-39 
1 Na ” 46 | 33 
12 | 13 ss 47 | 35 
Sv, 3 48 | 38 
14 | 10 » 49 | 36 
1 Ral a % 50 | 41 1-12} 0-32 | 3-0 
16 | 26 Ps 51 | 29 15 
17 | 35 i 52 | 33 ” 
18 | 37 rt) 53 | 35 * 
19 | 48 te 54 | 45 ” 
20 | 56 | 0-44 3-0 -| 55 | 39 | ( 0-85) 0-44 | 3-0 
21 | 45 1-5 56 | 39 1-10) 0-41 | 4:0 
22 | 40 » 57 1-14 4-0 
23 | 32 as 58 
24 | 29 4 59 
25 | 24 = 60 
26 | 29 = 61 
27 | 51 | 0-50 3-0 62 
28 | 47 15 63 
29 | 36 . 64 
30 | 30 | 0-58) 0:39 3-0 65 
31 | 47 15 66 
32 | 33 » 67 
33 | 26 8 68 
34 | 19 - 69 
35 | 22 | 1-00) 0-21 3-0 70 
- TABLE 2 (a).—-RE-DRIVING TESTS 
Date: 22.11.45 
Penetration : Time interval: | Set per blow: | Drop of hammer : 
feet hours inch feet 
57 16 0:38 
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TABLE 3. 


(See p. 71) 
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TABLE 5. (See p. 71) 


a: Z 
nm mn m m 
oy A eae ae Oy ae 
. oo re =| ; sn Le} = 
Date | Time ult. x) | Time Bi") 3 8 3 3 
ce o — o 
2/2|2 13 3/2/2 &8 
= Be ed ee ee mh Lida ten, ie 
3.3.46 |1115-1200) 13-69 13-69 51-26 
” 1200 0-03}8.3.46 1230 j 2-00 
” 1420 0-06}, 1230-1250 7-55) 43-71 
” 1535 0-08) ” 1255 2-23 
” 1620 0-08] ,, 1330 2-23 
4.3.46 0745 O-1ll] ,, 1400 2-23 
os 1020 0-12} 9.3.46} 0810 2-25 
a 1025-1045} 7-57 21:26 as 1625 2-27 
*, 1045 0-16] ,, 1630-1645). 7-34| 36-37 
a 1225 0-18) ,, 1645 . 2-27 
- 1400 0-19}10.3.46} 1100 2-27 
= 1550 0-19) 5, 1550 2-27 © 
5.3.46 0750 0-22/11.3.46} 0900 2-27 
= 0940 O:221 3, 1000 2:27 
a 0940-1010) 7-63 28-89 =a 1000-1020) 15-11) 21-26 
55 1010 0-25) ~,, 1020 2-25 
5s 1220 0-29] ,, 1345 2:25 
| as 1510 0-30] =, 1540 2-25 
an 1605 0-30]12.3.46] 0810 2-25 
6.3.46 0750 0°35} 5» 0900 2-25 
i 0900 . 0-36] ,,  |0900-0910) 7-57| 13-69 
er 55 0905-0925) 7:48 36°37 Hh 0910 2-23 
— ., 0925 0:39) ,, 1230 2-23 
on 0945 0-40}13.3.46} 0810 2-23 
eS 1225 0-45] ,, 0810-0830 13-69} O 
= 1440 0-45] ,, 0830 2-20 
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-_ 1120 0-60]17.3.46] 1300 2°15 
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Biter.) 1055 0-81 
_.”,, 1100 0-82) 
is ms 1220 1-92 
eee 
% ; Settlement : 2-15 inches. Recovery : 0-12 inch. 
2: s Limits of accuracy: + 0-02 inch. 
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*‘ Strengthening of Steel Structures under Load ”’ 


by 
Terence Patrick O’Sullivan, Ph.D., B.Se.(Eng.), M.I.C.E. 


(Ordered by the Council to be published with written discussion) T 


SYNOPSIS 


The problem of providing an economical design for a large steel structure ofte 
causes anxiety to the engineer responsible for that design. He may wish to mak 
adequate provision for possible increases in loading which may arise in the future. 
Such provision can add heavily to the prime capital cost and may subsequently 


INTRODUCTION 


In providing a steel framework for the purpose of supporting structures 
of magnitude such as bridges and large works of an industrial nature, the 
engineer is often confronted with the task of choosing between two courses 
of action. 

On the one hand it may be considered politic to make provision for 
future development or change of use, entailing allowance for loading over 
and above that specified at the time the work is begun. By so doing, 
however, heavy expenditure may be incurred which may never be justified. 
On the other hand, if provision for additional loading is not made, but is 
subsequently required, the engineer may, at a later date, be confronted 
with a technical problem of some considerable difficulty. Whichever 
course be adopted he is open to criticism, either for being responsible for 
what may be considered an extravagant design, or alternatively for showing 
lack of foresight. | 

However, if a structure, as designed and constructed, is later found. 
liable to be subjected to excessive loading, it is the Author’s opinion that. 


t Correspondence on this Paper should be received at the Institution by the 


Ist May, 1953, and will be published in Part I of the Proceedings. Contributions 
should be limited to about 1,200 words.—Sxo. I.0.E. si a 
“ a 
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STEEL STRUCTURES UNDER LOAD ay 


the problem of providing for this excess loading is not so formidable as 
It appears at first sight. 

The new conditions that arose during the construction of the Brabazon 
Aircraft Assembly Hall at Bristol and methods by which this problem 
was overcome constitute the basis of this Paper. 


THE BraBazon ArRcRAFT ASSEMBLY HALL, BRISTOL 


_ Brief Description 

Full descriptions of the general work involved in the provision of the 

Brabazon Aircraft Assembly Hall are contained in two Papers by Mr 

- Brian Colquhoun.) 2 However, a brief description is incorporated here 
to render this Paper self-contained. 


Fig. 1 
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Scale: | inch = 200 feet 


y Hatr-PLAn oF BrRABAZON ASSEMBLY HALL 


Fig. 1 indicates the lay-out. The interior consists of three bays, each 
of 331 feet clear span, the centre bay having a depth of 400 feet, and each 
of the side bays a depth of 250 feet. The roof consists of rubberized-felt 
‘carried on pressed-steel sheeting, whilst the walls are either of asbestos 
sheeting or glass. ; 
A - 10.B. H. Colquhoun, “ The Brabazon Assembly Hall at Filton.” J. Instn Civ 
_ Engrs, vol. 32, p. 4 (March 1949). ; Z 
28. H. Colquhoun, “Structural Aspects of the Brabazon Assembly Hall ’ 
“Structural Hngineer, vol. 27, p. 262 (June 1949). ; 
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The wall and roof cladding are carried by means of a system of cambered 
arch frames tied at haunch level. These frames are of lattice construction 
arranged in box formation, and are supported on hinge pedestals at the 
base. These main frames are placed at 50-foot centres as shown. 

The north side is generally glazed, whilst folding doors give access 
over the whole length of the south side. The east and west sides are 
covered for the greater part with asbestos sheeting, but a limited amount 
of glazing is incorporated. 4 

In the original scheme the south side of the Assembly Hall was to be 
provided with a small canopy only, over the doors. Following the com-_ 
pletion of erection of the main arches at the south side, however, it was 
required that a more extensive canopy should be included, a section o 
which is shown in Fg. 2. 
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SECTION THROUGH CANOPY 


The steel channels which carry the canopy are cantilevered out from 
a box girder which was installed for the purpose. This box girder is carried 
by other box girders, running in a longitudinal direction, which support 
the rails for the travelling crane bridges, the box girders being carried in 
turn by suspenders from the main arch frames. 

Investigations showed that the increase in dimensions of the canopy 
would lead to overstressing of the material in certain members. The 
members affected are shown in Fig. 3, which includes a Table showing 
the extent of the overstress under the worst possible conditions of loading. 

_ It should be noted that all permissible stresses were in accordance 
with the current British Standard No. 449, with the exception of a speci- 
fied overload for snow. Owing to the large expanse of roof it was found 
that the reduction in stress due to the suction effect from a lateral wind 
was greater than the increase due to racking action. Hence the question 
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of permissible increase in stress under the action of wind loads did not 
arise. The consulting engineers then considered that they were justified 
in allowing a 15 per cent increase in permissible stress caused by snow 


Strengthened members shown thus =~ 


Scale: | inch = 50 feet 
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loading, in view of the fact that the effect of wind was to decrease rather 
than to increase the stresses. 


PS. 


PROPOSED SOLUTION 


To meet the request for an increase in size of the canopy, it became 
necessary to determine precisely what steps should be taken to increase 
‘the strength of those members which would have been inadequate in the 
existing structure under full-load conditions. 

_ When giving effect to a decision on policy in that matter, it was found 
‘that the stresses present in the members under review were about 60 per 
‘cent of the working stress, because the crane and snow loads were not 
being applied. . 
It would seem that, on the basis of the accepted concepts of the elastic 
‘theory, with maximum permissible working stress as a governing factor, 
any strengthening material applied to provide additional cross-sectional 
area could be worked to only 40 per cent of the permissible stress, other-. 
‘wise the stress in the parent metal would exceed the permissible. To™ 
nable full value to be obtained from the additional material, release of — 
in the parent metal prior to a strengthening would be called for. 


cae 
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The effect of carrying out either of these measures was then considere 
further. J 

The incorporation of material to be worked at a maximum stress of 
40 per cent of the permissible, apart from being itself uneconomic called 
for scantlings of strengthening material large in comparison with | 
parent member. To achieve the most economic transference of stress it 
was necessary for the proportion of additional cross-sectional area to be 
kept as low as possible. 

With regard to the alternative of causing temporary release of stress 
in the members, two methods were considered, namely, local and general 
release. 

Local release would have involved the drawing together or jacking 
apart of the ends of individual members—a slow operation calling for 
special equipment. On the other hand, general release by means of 
jacking-up of the main ties to the roof girders at suspender points was 
ruled out immediately, since, apart from the cost of erecting trestles from 
the floor, partial dismantling of the box girders carrying the crane rails” 
would have been necessitated. It should be borne in mind that the 
deflexion of the south arch at the centre, as a result of self-weight and 
permanent fixtures was of the order of 11 inches. 

In view of these different conditions, the Author decided that it would 
be advisable to examine, in detail, an arrangement for strengthening, in 
which material was added while the structure was under load, but in which 
the area of this additional material was calculated on the assumption of 
there being no initial stress in the material of the parent member. This 
meant that the area of the additional material would be calculated 
on the assumption that its load-carrying capacity would be based upon 
the permissible working stress, and not the difference between this per- 
missible stress and the initial stress in the parent member. 

For example, Fig. 4 (a) shows the general conditions of an unstrength- 
ened tie subjected first to a working stress of TJ at a load of 10 tons, and 
finally to a yield stress of 27, in which case the load is 20 tons. The 
extension at working stress is 2 and that at yield stress 2z. It is 
assumed in all cases that a straight-line stress/strain relationship applies 
up to yield point. 

Fig. 4(b) shows the same tie strengthened while unstressed by the 
addition of material of cross-sectional area equal to that of the paren 
member. The load at working stress is now 20 tons, and at yield stress 
40 tons, and the respective extensions are again « and 2z. | 


_ Now consider the case of the tie strengthened under load as indicated 
in Fig. 4 (c). The unstressed tie is shown at (1). Under a working load 
of 10 tons producing a working stress of 7' the tie extends a distance x as 
shown at (2). The strengthening material is then added to double the 
cross-sectional area, and the circumstances are as shown at (3). 

A further 20 tons is now added, bringing the load to 30 tons, in which 
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case the parent material reaches yield stress 27, while the strengthening 
material reaches working stress 7, and the extension becomes equal to 
2x as shown at (4). 


Finally, a further 10 tons is added, bringing the total load carried to 


Figs 4 
(a) 
os 2x 
Sa 1 (c) 
Unstressed 3x 
2x 


33) 2a 


Working stress = 7 Unstressed 


Working load = 10 tons 


A 


(2) Working stress = T 


| Yield stress =27 Working load = 10 tons | 


| 

Yield load = 20 tons 
FOR UNSTRENGTHENED TIE | 

i Add material to | 


double effective Unstressed 


section Unstressed ,\ 
(b) CSW SALES 
ox (3) Working stress = 7' I 
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40 tons, which brings the stress in the strengthening material to yield stress 

27’, and an extension of the composite member of 3x. Those conditions — 
represent the effective yield point of the composite member. It will be 
noted that between conditions (4) and (5) no increase in stress takes place 
a ; 
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in the parent metal, this remaining constant at the yield stress, 2 P. 
Consequently, when the load on the composite member is increased afte t 
the stress in the parent metal has reached yield, such increase in load is 
accommodated entirely by the additional material. 

The case of the tie strengthened while under load may be further: 
considered from inspection of the stress/strain diagram in Fig. 5. Position: 
A on the stress/strain line is reached when the application of load results : 
in a working stress of T and an extension of z in the parent member. 


Fig. 5 


STRENGTHENING MATERIAL 


STRESS 


y lh 


STRAIN 


PARENT MEMBER 


STRESS 


& 
Strengthening applied 
at working load -f-f------ 
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0 D STRAIN 


Srress CycLte ror MEMBER STRENGTHENED UNDER LOAD 


At this stage additional material is applied and the load increased 
until the stress in the material is equal to 27’ or the yield stress and its 
extension equal to 2x. At the same time the parent metal passes through 
yield point B with extension 2, and on to the point C with a furthe: 
extension of «, making a total extension in the parent metal equal to 3a 

Upon release of the load the strengthening material returns to point 

' E with full release of strain, while the parent metal returns from C to LC 
with a residual strain of x. It is a point of interest that the stress in botl 
the parent and additional materials will be the same as the load is reduced 
and each will reach zero stress at the same time. ‘eh dial) bog 
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Also if, after complete release of load, the load was re-applied, then 
the stress would be equal across the entire composite section. 

From consideration of the foregoing it was the opinion of the Author 
that effective yield of the composite member could not take place until 
the strengthening material itself had yielded. That appeared to obviate 
the necessity for release of load in order to obtain the full value of the 
strengthening material. 

However, prior to the acceptance of this hypothesis as a basis under 
which the south arch should be made capable of carrying increased loads, 
it was decided that a number of full-scale tests should be made. These 
are described below. 


Experimental Evidence 

Testing Machine—Dorman Long & Co. Ltd, sub-contractors to 
Redpath Brown & Co. Ltd, for the erection of the steel framework of 
the Assembly Hall, have in their possession at their works at Middlesbrough 
a testing machine capable of applying 1,250 tons load to members of 
length up to 50 feet. This machine was made available by them for the 
Series of tests arranged to determine the effect of strengthening prior to 
and after the application of load. 

Lest of Tension Units.—The upper part of Figs 6 shows the details of 
a strengthened test unit as set up ready for testing. It will be seen that 


TABLE ]1.—TENSILE-TEST NOTES 


Speci- Strengthening Yield Failure Type of failure 
men ; 
Di Nil 90 tons | 177 tons | Fracture at centre 
D2 Nil 90 tons |180-5 tons Fracture at centre 
BEI, Strengthened while 180 tons | 286 tons |) Fracture through first 
E2 unloaded 185 tons | 292 tons holes in end splice 
Taal Strengthened under 180 tons | 291 tons | Fracture through welds 
normal working load , at end splice 


_¥F2 Ditto. Extra ?”-dia. hole | 180 tons | 290 tons | Fracture at centre. 
; drilled at centre. 


¥F3 Ditto. 180 tons | 285 tons | Fracture at centre. 
Strengthening plates 
broke first 


4 1 Areas 
_ Txst specimens: 9” x }” x 10-0" plate. 6-75 sq. in. 
4 STRENGTHENING : Two plates each 9” x 3” x 10-0" | 6.75 sq. in. 
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each unit has a total length of 16 feet 0} inch and consists of a 9-inch-by- 
3-inch plate strengthened by 9-inch-by-3-inch plates. Turned and fitted 
bolts, ¥ inch diameter, were used at the splices, whilst for tacking purposes 
3-inch-diameter black bolts were used. 

The tension-test programme consisted of seven tests, all as indicatet 
in Figs 7. 

Fig. 8 is a view of strengthened tie-bar after failure. 

Test of Compression Units.—The lower part of Figs 6 shows the details 
of a strengthened compression unit as set up ready for testing. In this 
case, the overall length of the unit is 15 feet and it consists of two channels 
12 inches by 4 inches by 31-33 Ib. arranged back to back but separated 
by a 9-inch-by-3-inch plate. The strengthening material consists of four 
3-inch-by-8-inch plates, each attached to the inside of the flanges of the 
channels. As in the case of the tension units the end bolts are { inch 
diameter, turned and fitted, whilst the intermediate bolts are ?-inch 
diameter black bolts. ‘ 


TABLE 2.—COMPRESSION-TEST NOTES 


Specimen Strengthening Yield Failure 
A Nil 320 tons 345 tons 
Bl } Strengthened while unloaded { 450 tons 465 tons 
B2 440 tons 468 tons 
Cl } Strength under normal working { 430 tons 430 tons 
C2 load 420 tons 460 tons 


Nore: Bolt clearances in Specimen Cl were excessive. 


Areas 
TEST SPECIMENS: Two channels 12” x 4” x 31-33 Ib. 18-42 sq. in 
One web plate ox 6-75 ,, 
(all 15-0" long) : 
; 25:17 ,, 
STRENGTHENING: Four plates each 3” x §” bolted to inside of 
flanges . ‘ . ; : : oh 32S ae 
= 30% 
increase 


The compression-test programme consisted of five tests, all as indicate 
in Figs 9. . 

Fig. 10 shows unstrengthened strut “A” immediately after failure. 
also illustrates the method used for providing lateral restraint at th 
mid-point of the strut. Thus the actual conditions applying to th 
structure itself were simulated. 


Fig. 11 shows a strengthened strut after failure. It will be observe 
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that failure of the member has been accompanied by local buckling of the 
flats between the tacking bolts. The slenderness ratio of the whole member 
and that of the additional flats taken locally between the tacking bolts 
is approximately equal. The question of local weakness of additional 
material must always be carefully investigated during any strengthening 
operation. 


Review of Results 
In the first place the results of tests on tension units as scheduled in 
Figs 7 are considered. | 
Specimens D1 and D2 were unstrengthened, and the average yield 
and maximum loads were 90 and 180 tons respectively. 
Specimens El and E2 were strengthened while unloaded and the 
average yield and maximum loads were 182 tons and 289 tons. 
Specimens F1, F2, and F3 were strengthened under load, and the 
average yield load was 180 tons and the average maximum load 289 tons. 
It is therefore apparent that, in respect of both yield and failure load, 
test series E and F gave substantially the same results. This leads 
to the conclusion that members strengthened while at working load 
exhibit the same yield and failure strength as those strengthened while 
unloaded. 
It is worthy of note that in strengthening, although the gross sectione 
area has been doubled (that is, the addition of two 9-inch-by-3-inch flats 
to the original 9-inch-by-?-inch flat) the net sectional area is considerably 
less than this as a result of the loss of material caused by bolt holes. This 
loss is not shown by the yield of the strengthened unit, which is double 
that of the parent unit—180 tons in lieu of 90 tons. The reason for this” 
is that the intensity of stress adjacent to the holes is treble the normal 
stress intensity. It will be seen, however, that at failure the ultimate 
strength of the unit after strengthening is governed by the reduction of 
effective area caused by bolt holes (289 tons compared with 180 tons). — 
Next will be considered the results of the compression tests as scheduled 
in Figs 9. The yield strengths in compression are somewhat indefinite, 
and the Author prefers to draw conclusions from the ultimate strengths. 
Specimen ‘‘A”, the unstrengthened strut, had a failure load of 345 
tons. : 
_ The average failure loads. of specimens B1 and B2, which were 
strengthened while unloaded, was 466 tons. 
The failure load of specimens C1 and C2, which were strengthened 
under load, were 430 tons and 460 tons respectively. 
Here it will be observed that groups B and C, that is, those strengthened 
while unloaded and strengthened at working load respectively, are sub 
stantially the same except in the case of unit C1, for which the ultimate 
value is low. Careful measurements of clearances between fitted bolts 
and bolt holes were made, and it was found that as a result of the use 
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of a different drill for this unit the average clearance was 0-020 inch in 
the case of C1, compared with only 0-008 inch in the case of the remainder. 

In view of this difference in bolt clearance it was considered justifiable 
to accept the findings of specimen C2 rather than those of C1, for pur- 
poses of comparison. 

The increase in cross-sectional area of each unit is 30 per cent after 
strengthening, whereas the increase in ultimate strength is 34 per cent, 
neglecting unit C1. In view of the increase of the moment of inertia as 
a result of adding material to the cross-section, and the resulting increase 
in stiffness, some excess in percentage of increase of ultimate loads com- 
pared with increase in cross-sectional area is to be expected. 


Findings and their Application 

The results of the tests indicated above confirm that the load at effective 
yield in the case of either tension or compression units is substantially 
the same whether the member is strengthened when unstressed or at 
working stress, thus the carrying capacity of a member strengthened 
under load is unaffected by the conditions under which strengthening is 
carried out. 

_ It will be seen, however, from an examination of Figs 4 and 5, that 
under such conditions the extension at yield is 50 per cent more than 
that of a member strengthened while unstressed. However, in this 
instance only a small proportion of the members is affected, so that increase 
in deflexion even at yield would have a negligible effect on the total 
deflexion of a frame. It is considered reasonable to assume that this 
would be the normal condition in the event of strengthening having to be 
carried out on a frame of many members, that is to say, that only a certain 
number of the members would be in need of strengthening. 

_ It should be borne in mind that the extension of a member at full 
yield is about twenty times the total elastic extension. It is therefore 
this full yield stress and extension that must be guarded against, since 
distortions arising from it may be of such a nature as to cause, in effect, 
the failure of the structure. 

The steps resorted to in practice to augment the strength of certain 
members to allow the arch to take the additional canopy load are shown 
in Figs 12, 13, and 14. The numbers of members to which reference is 
made are as shown in Fig. 3. 

Figs 12 show the arrangement in respect of members Nos (1) and (2). 
The parent members consist of back-to-back angles. The strengthening 
material also consists of two angles. It was necessary to drill large holes 
in the vertical legs of these angles to accommodate the bolt heads and nuts 
of the existing central connexion. (Section BB). At the ends the 
vertical legs are notched clear of the connexion, and the outstanding legs 
By are carried through and cleated to the existing gusset plate, with 


rned and fitted bolts (Section A A). 
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12" max. 
3" | a a Reg 
Note: 35 -dia. holes for fitted bolts (72 +555) shown thus -@ 


Holes cut out of angles 
large enough to allow them 


Figs 13 
13’- 14" approx 
Scale 4 inch = | foot 


ii’ dia. holes site-drilled in 
existing 10”x 3” channels 


Two existing 10"x 3” x 19°28 Ib. channels 


q Pour existing fitted bolts removed and 
replaced by longer new fitted bolts 


$422,075 


Remainder of bolts are }”-dia. black bolts unless marked otherwise 
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" New 5°x 4x 9° L 


New 6°x 4x 9° back cleat 


Three holes site-drilled 
in existing gusset 
for new fitted bolts 
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The strength of the existing end connexions must be investigated if 
additional load is being applied to the members. Generally end connexio 
have a greater factor of safety than the members themselves, and may be 
adequate to accommodate additional loads without overstressing. 
however, these end connexions are found on investigation to be inadequa 
then additional drilling and bolting will be required. 

Figs 13 show the arrangement for increasing the carrying capacity 
the double-channel sections (3) to (6) inclusive. Here, in lieu of flats as 
used in the tests, channel-flange cuttings have been employed in order to 
obviate the necessity for bevelled washers. A general detail is shown in 
Section AA. Again it has been necessary to drill holes in the chann 
cuttings large enough to allow them to slip over the existing bolt hea 
and nuts at connexion positions. In determining the centres of t 
tacking bolts, the local slenderness ratio of the channel cutting mus 
be taken into account. The turned and fitted bolts at the ends of th 
member were replaced by larger bolts, but not increased in number, th 
indicating that the existing end connexion was considered adequate 
deal with the extra loading. 

Finally, Figs 14 show the strengthening arrangement in respect o 
lattice member (7). Here, four new angles have been provided on the 
inside as shown in Section B B, and the end connexions reinforced with 
additional cleats and bolts. Details of these cleats are shown in Section 
AA. 

It will be noted that in this example of the Bristol Hangar all the work 
is of riveted and bolted construction involving cleats, gussets, and holes. 
Material has been added by bolting it to the parent members. If it 
were possible to weld the additional material to the existing in position 
at the site, the process of strengthening would be much simpler. This 
would be especially so if the existing structure itself were welded. The 
cleaner lines, which are a feature of welded work, and the absence of 
awkward gussets and plates would make the members much more con- 
ducive to effective strengthening. 

However, the strengthening of the south arch of the Brabazon Aircraft 
Assembly Hall was carried out in accordance with the principles explained, 
and as detailed in the Figures shown. The outcome was entirely 
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THE RIGHT HON. LORD MACMILLAN, G.C.V.O., Q.C., who die 
at his home in Surrey on the 5th September, 1952, at the age of 79, was 
born at Glasgow on the 20th February, 1873, the only son of the Rey 
Hugh Macmillan, D.D., LL.D. 

He studied first at the University of Edinburgh, graduating in 189 
with first-class honours in Philosophy. He then went to the University 6: 
Glasgow, where he read Law, graduating in 1896—Chief Prizeman of his 

ear. 
He became an advocate in 1897, and whilst building up his practice he 
was an Examiner in Law for the University of Glasgow (1899-1904), and 
Editor of the Juridical Review (1900-07). 

Specializing in Parliamentary work, he took silk in 1912, and had, by 
the time the First World War broke out in 1914, attained a high reputation 
for his legal ability. 

The first of the many high offices of the Crown came to him in 1918 
when he was appointed Assistant-Director of Intelligence at the Ministry 
of Information—he became Minister of the self-same Ministry many years 
after, in 1939. 

In 1924, when the Labour Party was returned to power for the firs 
time, Lord Macmillan was appointed Lord Advocate of Scotland, althoug 
he had no political affiliations ; it was at this time also that he was swor 
in as a member of the Privy Council. 

Not only will Lord Macmillan be remembered for his erudition as 
legal luminary, but also for the great work he did for over twenty years ¢ 
the Chairman of a large number of Parliamentary Commissions, the sub 
jects of which were as varied as they were numerous. 

The width and diversity of his interests and talents will be borne ow 
by the many offices he held in connexion with the Arts. He was, fo 
example, a Trustee of the British Museum, the National Library of Scot 
land, and the National Trust, and Chairman of the B.B.C.’s Advisor 
Council (1937-47), to name only a few. 

One office which he held up to the time of his death afforded him par 
ticular pleasure, however, namely, the Chairman of the Pilgrim Trust. 

Among the many honours conferred upon him, which included Honorary 
Doctorates of many Universities, was the award, in 1937, of the Granc 
Cross of the Royal Victorian Order. . 

Lord Macmillan was made an Honorary Member of the Institution ir 
1928 in recognition of his distinguished career at the Bar, and his grea 
interest in the work of the Civil Engineer, the latter being made most 
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patent when he delivered one of a series of four Lectures to the Institution 
in 1946, under the general title ‘The Presentation of Engineering Evi- 
dence.’’* 

In 1901, he married Elizabeth Katherine Grace, daughter of Dr W. J. 
Marshall of Greenock, who survives him. 


SYDNEY BRYAN DONKIN, who died at Albury, Surrey on the 12th 
November, 1952, at the age of 81, was born on the 24th June, 1871. 

_ The name Donkin first appeared on the Roll of the Institution in 1821, 
when a Bryan Donkin—a contemporary of Telford—was elected a member. 
Since that date the name has always appeared on the Roll, borne succes- 
sively by father, son, grandson, great grandson, and great great grandson. 
_ Mr Donkin was educated privately, and at University College, London. 
He obtained his practical training by becoming, in 1888, pupil with his 
father, Mr Bryan Donkin, and later he went to Switzerland where he spent 
3 years with Messrs Sulzer Bros., of Winterthur. 

Returning to England in 1893, he rejoined Messrs Bryan Donkin and 
Co., first as draughtsman, later becoming Assistant to the Manager. 

In 1897 he left to become Assistant to the late Sir Alexander Kennedy, 
thus joining the firm with which he was to become associated for the 
remainder of his life. 

From the outset of his career Mr Donkin specialized in the design and 
installation of electrical traction and generating equipment, and was 
responsible for electrification works in many parts of the world, including 

Egypt, Uganda, India, and Japan, where a hydro-electric scheme was 
constructed to his design. In Great Britain he was responsible for the 
electrification of suburban railways round London, and also a large number 
of generating stations throughout the country. He was an expert on 
heating problems, in connexion with which he read a Paper before the 
Institution in 1936—“‘ Industrial, Agricultural, and Domestic Heating, 
with Electricity as a By-product.” } 

Mr Donkin was made a partner in his firm in 1908, and when Mr J. M. 

(later Sir John) Kennedy left the partnership to take up the appointment 
of deputy Chairman of the Electricity Commission in 1934, he became 
senior partner. 
In addition to being Consulting Engineer to the Central Electricity 
Board of Northern Ireland in connexion with their grid schemes, a member 
of the Panel of advisers to the North of Scotland Hydro-Electric Board, 
and a member of the Hydro-Electric Power Commission in Egypt, Mr 
‘Donkin was a member of many important committees of the Department 
‘of Scientific and Industrial Research, the British Standards Institution, 
and the Home Office. 


ip * “The Giving of Evidence before a Parliamentary Committee, in the High 
‘Court, and before an Arbitrator.” 
eo J Instn Civ. Engrs, Vol. 1, P- 378 (Jan. 1936). 
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In the first World War he was a member of the Munitions Committee, 
and in addition held high rank in the Special Constabulary. 

Elected an Associate Member of the Institution in 1898, Mr Do 
was transferred to the class of Member in 1912. He was a Member off 
Council from 1926, Vice-President in 1934, and became President of 1 
Institution in 1937. 

He was also a Member of the Institutions of Mechanical and Electri 


Engineers. 
He leaves a daughter, and three sons—two of whom are engineers. 


HARRY CUNNINGHAM, who died on the 5th October, 1952, at the 
age of 75, was born at Glasgow on the 15th May, 1877. 

He was educated at Spiers School, Beith, Scotland. In 1895 he beca 
a pupil with Messrs Crouch and Hogg, of Glasgow, where he gained ex 
perience in the design and construction of bridges; during this period h 
also studied at Glasgow Technical College. 

On the completion of his pupilage in 1899, he joined the staff of th 
Chief Engineer of the Caledonian Railway Company, first as Assistant 
Resident Engineer, and latterly as Resident Engineer, on the Clyde Brid 
Contract of the Glasgow Central Station Extension. 

Whilst on the Clyde Bridge contract he attracted the notice of the la 
Sir William Arrol, who invited him to join his staff. This he did in 1 
thus beginning an association with this Company which lasted until 
Cunningham’s death. 

For the first seven years of his career with the Company, he was 
sident Engineer on many major works of bridge and docks construction, i 
particular the widening of Blackfriars Bridge, and the building of the 
Walney Bridge, Barrow-in-Furness. 

However, in 1913 he was elected to the ‘Boatd of the Company, an 
thereafter was concerned largely with the problems of management, and 
in particular those which the difficult years of the First World War pre- 
sented. After the cessation of hostilities in 1918, he travelled extensively 
throughout the world in connexion with the many overseas contracts his 
firm had secured. 

In 1935 he was appointed Chairman of the Company—a position La 
held up to the time of his death. 

He also served as Chairman of a large number of trade associations, 
and will especially be remembered for his notable work during the Second 
World War, when, as Chairman of the British Constructional Steelwork 
Association, he was largely instrumental in obtaining the co-ordination of 
the resources of the structural steelwork industry. 

Mr Cunningham was elected an Associate Member of the Institution 
in 1902, and was transferred to the class of Member in 1920. 

He leaves a widow and a daughter. 
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GAVIN HEYNES JACK, who died on the 22nd September, 1952, at 
the age of 78, was born on the 21st January, 1874. 

Educated at Warwick School, he became in 1889 pupil with the late 
Mr E. M. Richards, then Borough Engineer of Warwick. 

On the completion of his pupilage, in 1893, he became Assistant En- 
gineer to the Urban District Councils of Pontypridd and Caerphilly. 

_ He left Wales in 1897 to become Deputy Engineer and later Engineer 
to Aston Manor, Birmingham. 

In 1907 he was appointed County Surveyor and Architect of Hereford- 
shire and remained as such for 26 years, until his retirement in 1933. 

The life-long interest of Mr Jack was the study of archaeology, and he 
wrote several books and numerous Papers on the various excavations 
made in Herefordshire. 

From his retirement until 1945 he was Consultant to the Council for 
the Preservation of Rural England. 

Mr Jack was elected a Member of the Institution in 1916. 

He was also Fellow of the Royal Institute of British Architects, a Fellow 
of the Geological Society, and a Fellow of the Society of Antiquaries. 

_ He leaves a widow and a son. 


PROFESSOR FREDERICK CHARLES LEA, 0O.B.E., D.Sc., who 
died on the 30th September, 1952, at the age of 81, at his home at Dore, 
Sheffield, was born in Crewe, Cheshire, on the 25th June, 1871. 

_. He began his education at Crewe School, and before going up to a 
university served an apprenticeship (1887-92) in the Mechanical and 
Electrical Departments of the London and North Western Railway’s 
Works at Crewe. On the completion of this part of his training he went, in 
1892, to Owens College, University of Manchester, leaving in 1893 to 
proceed, with a Whitworth Exhibition, to the Royal College of Science, 
London, where he obtained his Associateship in 1896, obtaining first-class 
honours in both Physics and Mechanics. 

On leaving College, in 1896, he spent two years as an Assistant in the 
Civil Engineer’s office of the London and North Western Railway Com- 
pany’s Works at Crewe. 

_ However, it was the teaching, more than the practice, of engineering 
that attracted Professor Lea and in 1898 he took up the first of the many 
important academic appointments in which he was to distinguish himself, 
namely, Chief Assistant to Professors Unwin and Dalby at the City and 
Guilds College, London. During the twelve years he held this post Professor 
Lea published valuable Papers, mainly on structures, and developed that 
bent for research which has characterized his subsequent career. 
_ He remained in this post until 1911, leaving to spend two years as _ 
Chief Engineering Inspector to the Board of Education. In 1913 he was — 
appointed Professor of Civil Engineering at the University of Birmingham, 
and in 1913 was chosen to fill the Chair of Mechanical Engineering at the 
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University of Sheffield, from which he retired in 1936; on doing so he: 
became a Director of Edgar Allen & Co. Ltd, Sheffield. ue | 
In the 1914-18 War he held a Territorial Commission and ontaibation 


in both the R.N.V.R. and R.F.C. He made many valuable contributio 
to aeronautical research, in recognition of which he was awarded the Order 
of the British Empire. For a Paper relevant to his work on atonlll 
engines he was awarded the Bernard Prize of the Institution of Mechanical 
Engineers in 1924. 
Although Professor Lea’s academic interests ranged over many fields 
of engineering study, he will best be remembered for his study of structures, 
and hydraulics, of which latter he was acknowledged to be an authority of 
the first order; his book, Hydraulics, first published in 1908, ran through 
several editions. 
Professor Lea was elected an Associate Member of the Institution in 
1901, and was transferred to the class of Member in 1918. He read many 
Papers before the Institution, gaining him Telford Premiums in 1905,! 
1911,2 and 1938,3 and also a Crampton Prize in 1920.4 | 
He was also an Honorary Member of the Institution of Mechanics 
Engineers (President, 1943), and a Member of the Institution of Structural 
Engineers. 
He leaves a widow and two daughters by a previous marriage. 


ARTHUR CLIFFE WALSH, who died on the 18th June, 1952, at his 
home in Bournemouth at the age of 74, was born at Halifax on the 29th 
January, 1878. — 

He was educated at Hipperholme Grammar School, Halifax, Yorkshire, 
and at Mason’s College, Birmingham (now part of the University). 

From the outset of his professional career he devoted himself to the 
study of docks and harbour construction, and on leaving College in 1896 
was, until 1899, Assistant Engineer on the construction of Port Talbot 
Railway and Docks. The following two years were spent, in a similar 
capacity, on the construction of Seaham Harbour and Docks. 

Tn 1902 he was appointed Sub-agent to Sir Henry Japp during the con 
struction of the Great Northern and City Railway (from Moorgate Street 
to Finsbury Park, London), 


1 Min. Proc. Instn Civ, Engrs, vol. 161 (1904-05, Pt III), p. 261. 

* Min. Proc. Instn Civ. Engrs, vol. 185 (1910-11, Pt III), -p. 277. 

* J. Instn Civ, Engrs, vol. 7, p- 119 (Nov. 1937). oi 
J. Instn Civ. Engrs, vol. 9, p. 301 (June 1938). 

‘ Min. Proc. Instn Ciy. Engrs, vol. 209 (1919-20, Pt I), p. 394. 
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e spent the following four years in the London office of his firm, working 
n harbour work design, under Sir Ernest Moir, Bart. 

Tn 1909, the firm lent Mr Walsh as engineer to a party of explorers, who 
went to Jerusalem, hoping to discover the Ark of the Covenant. An 
ecount of that expedition is given in Lieut.-Col. Cyril Foley’s book, 
“ Autumn Foliage.” 

In 1912 he again went abroad, and spent the succeeding eighteen years 
in Chile. The first thirteen years were spent as Engineer-in-charge of the 
construction of the Valparaiso Port works—a vast project costing £3 
million. On the completion of the Port works in 1925, he was appointed 
Managing Director of two nitrate companies in Chile, owned by the Pearson 
group. 

Returning to England in 1930, he was appointed Managing Director of 
Messrs Pearson and Norman Long and Co., a company principally occupied 
in sinking and working two large collieries in south-east Kent. Although 
Mr Walsh retired from the managing-directorship in 1937, he retained his 
seat on the Board of Directors. 

Mr Walsh was elected an Associate Member of the Institution in 1904 
and was transferred to the class of Member in 1922. 

He was awarded a Miller Prize in 1901 for a Paper on the “ Construction 
and Working of Blockyards in connexion with Seaham Harbour and 
Breakwater,” and in 1922 was awarded a Telford Premium for his joint 
Paper with Mr W. F. Stanton, “ Improvement of the Port of Valparaiso,”’1 
He leaves a widow and a daughter. 


1 Min. Proe. Instn Civ. Engrs, vol. 214 (1921-22, Part II), p. 3. 
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